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THE BURDEN OF TYPE 2 DIABETES AND ITS COMPLICATIONS
Currently, diabetes can be regarded as a global epidemic, affecting around
194 million people worldwide in 2003, a number which is expected to
increase to 333 million people by 2025 (1). Additionally, for each diagnosed
patient, another one is unaware of having diabetes. In the Netherlands, over
600.000 patients had diabetes in 2003 (2). Solely based on demographic data,
the prevalence of diabetes is expected to increase by 32.5% between 2005 and
2025. However, this increase may even be more extensive, since prediction
models do not account for the rising prevalence of overweight, which is an
important contributor to type 2 diabetes (3), the most common type of
diabetes. Type 2 diabetes affects generally older adults, but due to
unfavorable lifestyle habits such as unhealthy diet and physical inactivity,
the disease nowadays manifests itself at an increasing earlier age.
Type 2 diabetes is a chronic disease with a progressive nature, and is
characterized by insulin resistance and/or abnormal insulin secretion, either
of which may predominate (4). Type 2 diabetes is often part of a much
broader underlying disorder, which is referred to as the metabolic syndrome.
The metabolic syndrome is a cluster of risk factors for cardiovascular disease,
including besides diabetes and its pre stage impaired glucose tolerance (IGT),
hypertension, visceral obesity, dyslipidaemia, hyperinsulinaemia,
hypercoagulability and microalbuminuria (4; 5). Subsequently, many
macrovascular (e.g. coronary heart disease and stroke) and microvascular
(e.g. retinopathy and nephropathy) conditions may occur in patients with
type 2 diabetes (6). For example, having type 2 diabetes increases the risk of
coronary heart disease 2 4 fold (7). On average, patients with type 2 diabetes
lose 5 10 years of their lives, with cardiovascular disease being the major
cause of death. The strong rise in the prevalence of type 2 diabetes will
undoubtedly lead to increases in diabetes complications. The earlier onset of
type 2 diabetes results in an increasing number of patients that has to cope
with type 2 diabetes for a long part of their life, increasing the odds of
developing complications. Consequently, the demands on health care
capacity as well as the costs related to diabetes, which long term
complications largely account for, will increase (8). More than ever, there is a




The main goal of diabetes management is the prevention or delay of vascular
and neural complications (9). Diabetes management, which generally takes
place in primary care, is complex and multifactorial, including oral
medication/insulin therapy, self control and making changes in health
behaviors, such as diet and physical activity (10), and aimed at obtaining
good glycemic control and management of cardiovascular risk factors. This
implies that type 2 diabetes is basically a self managed disease, demanding
large responsibility of the patient for his/her own course of the disease (11).
Dealing with this chronic and progressive disease, its multifactor treatment
and the huge burden on self responsibility, is emotionally and behaviorally
challenging, and has a great impact on the quality of life of the patient (12).
The difficulty of attaining such a demanding regimen is reflected in the
generally low adherence to medication regimens in type 2 diabetes patients,
therewith reducing treatment effectiveness and increasing the incidence of
complications (13). However, additionally to medical therapy, physical
activity may be a powerful modality in the prevention of diabetes related
complications.
PHYSICAL ACTIVITY
The following paragraphs address the aspects of physical (in)activity in
relation to diabetes and factors that influence the level of physical activity.
Physical inactivity
In the last few decades, physical activity patterns of people in Western
countries have thoroughly changed. Mechanization and automation have led
to a situation in which physical activity is nowadays for a majority of people
related to leisure time (e.g. sports and exercise) instead of integrated in daily
routine. The simultaneously elevated food consumption makes that the
human energy balance is disturbed. As a result physical inactivity and
overweight are strongly increased, which in turn contributed to the
increasing prevalence of type 2 diabetes (14). It is therefore not surprising
that prevalence of physical inactivity in patients with type 2 diabetes is
higher compared to the general population (14; 15).
Physical activity in diabetes management
Since physical inactivity is an important contributing factor to type 2
diabetes, physical activity seems a logical prevention modality to use in
counteracting further progression of the disease. A large body of research has
shown numerous positive effects of physical activity on type 2 diabetes (16;
17). Physical activity can be defined as ‘bodily movement produced by
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contraction of skeletal muscle that requires energy expenditure in excess of
resting expenditure’ (16). A subset of physical activity is exercise, which can
be defined as ‘planned, structured, and repetitive bodily movement
performed to improve or maintain one or more components of physical
fitness’ (16). Traditionally, efficacy of physical activity in patients with type 2
diabetes has been studied in structured exercise interventions. Positive effects
were shown on glycemic control, independent of weight loss (17; 18), as well
as on insulin sensitivity (14; 16). Furthermore, studies in the general
population (19), as well as in patients with type 2 diabetes showed several
cardioprotective benefits of exercise, e.g. improvement of blood pressure,
lipid profile, and long term weight management (14; 16). However, probably
the most important benefit of physical activity in type 2 diabetes is the
improvement of cardiorespiratory fitness (VO2 max) (19), which is conversely
related with mortality and therefore an effective means in the prevention and
delay of complications (19). Besides, physical activity may not only have a
protective effect on diabetes related complications, but on the development
of co morbidities as well, which have also shown to contribute to the burden
of illness, by impairing physical function (20). However, despite the great
potential of physical activity, few people with type 2 diabetes seem to profit.
A gap is to be bridged when translating research findings into clinical
practice. Currently, physical activity is undervalued and underused in
diabetes practice, and physical inactivity in patients with type 2 diabetes is
high (21; 22). Furthermore, long term adherence to exercise interventions is
frequently low (14). Therefore, it may be useful to identify factors related to
physical activity in the first place.
Factors related to physical activity
Physical activity is a complex and dynamic health behavior (23). A large
body of research is available about factors related to physical activity in the
general population. These include demographic, biological, psychological,
behavioral, social, and environmental factors (23; 24). The strongest and most
consistent associations are found between physical activity and demographic
factors. Physically active people are more likely to be male, younger, and
higher educated (24). Little is known about factors related to physical activity
and their relative contribution in type 2 diabetes, and results are inconsistent
(18 25). Since type 2 diabetes generally affects elderly people, age may be an
important factor. Another correlate of physical inactivity associated with
type 2 diabetes is overweight/obesity (23; 24). Furthermore, impaired
physical ability induced by aging, complications and co morbidities, may be
a significant barrier to physical activity in this population (25). However,
psychosocial factors may also play and important role in physical activity in
patients with type 2 diabetes.
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PSYCHOSOCIAL FACTORS
Psychosocial problems have a large contribution in the burden of illness (26),
and largely affect quality of life (12). The psychosocial impact of diabetes has
been referred to as a more important determinant of mortality in patients
with diabetes than many other clinical and physiological factors (12). Two
psychosocial factors, which have both shown to be associated with
cardiovascular disease will be studied in this thesis, namely depression and
Type D personality.
Depression
Depression is worldwide one of the leading contributors to the burden of
disease, and is an important cause of disability (27). It is a common mental
disorder that presents with symptoms as depressed mood, loss of interest or
pleasure, feelings of guilt or low self esteem, low energy, poor concentration,
apathetic or agitated behavior, disturbed sleep or appetite, and thoughts
about death and suicide, which may, when they endure or become recurrent,
lead to impaired ability of the individual to manage daily responsibilities.
Regarding the definition and prevalence of depression, a distinction has to be
made between depressive syndrome (major depression), and depressive
symptoms (sub threshold depression). At least one of the two core symptoms
(depressed mood and loss of interest), as well as four other symptoms as
described above, have to be present for at least two weeks to meet the DSM
IV criteria for diagnosis of depressive syndrome (28). Individuals with sub
threshold depression do experience symptoms of depression, but do not
meet the DSM IV criteria for major depression (29). Prevalence of major
depression is 1 3% in people over 50 years of age, while clinically relevant
symptoms of depression are present in 8 16% of this population (30; 31).
Individuals with sub threshold depression experience substantial
impairment of psychosocial functioning and well being (30), and depressive
symptoms may lead to impairment in health status as well as functional
status with a nearly similar degree as major depression (32). Prevalence of
depression is generally higher in women, individuals without a partner, and
the low educated (33). Furthermore, it has been shown that depression is
more common in people who have a chronic disease (34). In the present
thesis, the term ‘depression’ indicates occurrence of depressive symptoms.
Although prevalence of depression is high in patients with type 2 diabetes
(17.6%), and more common than in those without diabetes (9.8%) (35), it is
under recognized in treatment (36; 37), especially in elderly people, which
are generally represented in the diabetes population (38). Furthermore, few
of the diagnosed patients are actually treated for depression (36; 39).
Prevalence of depressive symptoms has shown to be associated with
disability (40), impaired quality of life (41) and mortality (42) in patients with
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diabetes. Additionally, depression is often associated with unhealthy lifestyle
(43). The reasons for the increased prevalence of depression and type 2
diabetes are not fully understood, but the presence of complications may in
particular play a role. For example, a meta analysis on the relationship
between depressive symptoms and diabetes complications showed a
significant relationship between depressive symptoms and the number as
well as the severity of several diabetes complications such as neuropathy,
macrovascular complications (e.g. coronary heart disease), and retinopathy
(44).
Type D personality
Another psychological factor that is mentioned in relation to health and
disease is personality (45; 46). Personality refers to a complex organization of
traits that reflect consistencies in the general affective level and behavior of
patients (47). It is proposed that personality may affect health by three
possible mechanisms, namely by influencing physiological reactions
associated with health; by affecting adjustment to health conditions, and by
affecting health behavior practices (48).
A relatively new personality trait studied in relation to cardiovascular
disease is the so called distressed or Type D personality, which represents the
synergy of negative affectivity and social inhibition (49). The negative
affectivity trait implicates the tendency to experience negative emotions
across time and situations, including dysphoria and feelings of tension and
worry (47). However, additionally to experiencing these negative emotions,
Type D individuals tend to inhibit expression of emotions and behaviors in
social interactions to avoid disapproval (social inhibition trait) (50). It is the
paradoxical combination of both traits that may have important implications
for treatment and clinical outcomes (51). Patients with a Type D personality
have a predisposition to chronic distress. This indicates that some Type D
individuals will experience severe distress reaching diagnostic thresholds of
psychopathologic disorders, while others may reach this point only under
stressful conditions, and again others may even never experience
pathological levels of distress. Type D personality has been associated with a
wide range of adverse health outcomes, such as increased risk of morbidity
and mortality, but also the risk for clustering psychological factors such as
depression and anxiety (49). The underlying mechanisms of the link between
Type D personality and cardiovascular disease are not fully understood. As
indicated above, Type D personality may affect health outcomes either
directly by influencing physiological reactions, and/or indirectly by
psychosocial mechanisms. One of these psychosocial mechanisms may be
unhealthy behaviors, such as smoking, physical inactivity and poor diet,
which Type D individuals may be more likely to engage in. Another may be
related to the low social support these individuals may often perceive (52).
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Little research has been performed on the association of personality traits and
health outcomes in patients with diabetes (53). Currently, Type D personality
has not been studied yet in patients with type 2 diabetes. However, this may
be interesting since type 2 diabetes is considered a risk factor for
cardiovascular disease.
Psychosocial factors in diabetes management
Psychosocial problems may negatively influence the course of disease. Both
depression (54) and Type D personality (55) may lead to poor treatment
adherence, self management activities, and lifestyle behaviors which diabetes
management basically relies on. Prevalence of depressive symptoms has been
shown to negatively interfere with glycemic control (56), although others did
not find this association (57; 58). Psychosocial factors may thus partly explain
the large variability in response to treatment modalities such as medication,
diet, and physical activity, as seen within diabetes populations (53).
ASSOCIATIONS BETWEEN PSYCHOSOCIAL FACTORS AND
PHYSICAL ACTIVITY
Several studies in the general population have shown that depressed people
are less likely to engage in physical activities (59; 60), and less likely to
adhere to physical activity intervention (61). Being depressed may negatively
influence readiness to change (37), and hence hamper the adoption to a
physically active lifestyle. Personality has increasingly gained interest in
health and exercise psychology (45). It is hypothesized that personality
affects social cognitions (e.g. perceptions, attitudes, outcome expectations,
self efficacy) towards a specific health behavior, e.g. physical activity, and
thereby influencing the health behavior itself (48). Rhodes and Smith (2006),
conducted a meta analysis on the relationship between personality and
physical activity. They reported extraversion and conscientiousness to be
positive correlates, while neuroticism was shown to be a negative correlate of
physical activity (45). Individuals high on neuroticism, which is closely
related to the negative affectivity component of Type D personality, are more
likely to experience negative emotions, distress, and depression, which may
negatively affect participation in physical activity (45). Furthermore, Kircaldy
et al. (2002) showed that socially inhibited individuals were less likely to
engage in physical activity (62). In the context of type 2 diabetes, the
knowledge about the role of psychosocial factors in physical activity is
scarce.
Conversely, physical activity had also been shown to have positive effects on
psychosocial factors in the general population. Physical activity has shown to
be a stress reducing factor (14), and is positively associated with health
related quality of life (63; 64). Furthermore, several epidemiological studies
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showed a positive effect of physical activity on depression (65). Harris et al.
(2006), performed a study in which they followed a cohort of depressed
adults during 10 years (59). They concluded that higher levels of physical
activity were associated with less concurrent depression, and additionally
physical activity buffered the negative effects of experiencing medical
conditions. The strength of physical activity, in comparison with drug
therapy, may therefore lie in multiple physiological and psychosocial
benefits.
RATIONALE, SETTING AND DESIGN OF THE THESIS
Rationale of the thesis
The large expected increase of the prevalence of type 2 diabetes and its
complications in the next 25 years calls for effective diabetes management.
Therefore, it is most relevant to study factors influencing outcomes and
effectiveness of diabetes care (66). Physical activity may be an important
additional modality to prevent or delay complications. Given the high
prevalence of physical inactivity and poor adherence to physical activity in
patients with type 2 diabetes, an understanding of the factors restraining
regular engagement in physical activity is warranted. However, little is
known about the factors related to physical inactivity in patients with type 2
diabetes, and especially information about the role of psychosocial factors is
scarce. Knowledge of the factors related to physical inactivity may eventually
lead to identifying patients at risk as well as provide key factors for
intervention, which are both important in successfully and systematically
promoting physical activity in diabetes care.
Design and setting of the thesis: The DIAZOB project
The data used in this thesis were collected within the diabetes management
project ‘DIAZOB’ (Diabetes Care Zuid Oost Brabant), which includes a
cohort of 3300 patients with type 2 diabetes recruited from 100 general
practitioners in the Eindhoven region, the Netherlands, and was assembled
in 2005. In the ‘DIAZOB’ project, patients will be followed during their
lifetime and are periodically assessed for biological parameters and
demographic, psychosocial, and lifestyle parameters by patient survey with a
one year interval. Furthermore, processes of care are registered in order to
assess quality of care provided. The studies in this thesis include cross
sectional data of the baseline assessments. Currently, in the year 2008, about
10.000 patients with type 2 diabetes from 140 general practitioners are
included in the DIAZOB project, and two yearly follow up assessments have
been performed.
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AIM AND OUTLINE OF THE THESIS
The aim of this thesis is to study possible factors related to physical inactivity
in patients with type 2 diabetes, with an emphasis on psychosocial factors.
Five research questions have been formulated:
1 What is the efficacy of structured exercise interventions in patients with
type 2 diabetes according to current literature?
2 Is vascular co morbidity related to depression in patients with type 2
diabetes, and which other factors are related to depression in this
population?
3 Is depression associated with physical inactivity in patients with type 2
diabetes?
4 What is the prevalence of Type D personality in patients with type 2
diabetes?
5 Is Type D personality associated with physical inactivity in patients with
type 2 diabetes?
The general outline of the thesis is as follows: Chapter 2 consists of a
systematic review of structured group exercise interventions in type 2
diabetes. In a meta analysis, the effect size of exercise intervention on HbA1c
and cardiovascular risk factors is determined. Chapter 3 describes the
prevalence of depression in insulin naïve patients with type 2 diabetes,
thereby controlling for vascular co morbidities and other potential
confounders. Chapter 4 encloses a study of the association between
depression and physical inactivity in type 2 diabetes patients. In chapter 5,
the prevalence of Type D personality is examined in type 2 diabetes patients.
Furthermore, this chapter outlines the association between Type D
personality and physical inactivity, as well as the association between Type D
personality and depression. In addition, chapter 6 presents the combined
effects of having a Type D personality and being without a partner on
physical inactivity and depression, separately. Finally, main outcomes,
strengths and weaknesses of the studies are discussed in chapter 7.
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CHAPTER 2:
The effects of aerobic training,
resistance training, or both, in the
management of type 2 diabetes:
a meta analysis of randomized
controlled trials




Background: Recently, accent in physical activity research in type 2 diabetes
shifted from aerobic exercise to resistance training interventions or a
combination of both. The aim of this study was to conduct a meta analysis of
randomized controlled trials in order to assess the effects of these
interventions in the management of type 2 diabetes.
Methods: Trials were identified through searches of electronic bibliographic
databases supplemented with hand searches of retrieved references. Included
studies were randomized controlled trials, and compared structured exercise
interventions with non exercise control groups. Weighted mean differences
were used to determine the effects of exercise versus non exercise per
exercise mode.
Results: Eighteen eligible trials were identified. Exercise resulted in a
significant reduction of 0.63 (aerobic training), 0.38 (resistance training), and
0.77 (combined training) percentage points HbA1c, respectively.
Furthermore, combined training significantly improved HDL cholesterol
levels (+ 0.13 mmol/l). Systolic blood pressure ( 6.92 mmHg), as well as
diastolic blood pressure ( 4.91 mmHg) were significantly lowered after
combined training, and VO2 max also showed significant improvement (+
3.37 ml min 1 kg 1), however after correction for heterogeneity these effects
did not remain significant any more.
Conclusions: The meta analysis showed a significant reduction of HbA1c




Currently, diabetes can be regarded as a global epidemic, affecting around
194 million people worldwide in 2003, a number which is expected to
increase to 333 million people by 2025 when accounting for demographic
changes alone (1). Development of type 2 diabetes is not only due to changes
in demographic variables (mainly aging), but is also caused by overweight
and physical inactivity, nowadays two emerging epidemics (2). The increase
in prevalence of type 2 diabetes, therefore, tends to be much stronger.
Type 2 diabetes is a complex disease, characterized by a disturbance in
glucose and fat metabolism, and high co morbidity. Uncontrolled disease
may lead to vascular and neural complications in the long term and type 2
diabetes increases the risk of coronary heart disease 2 4 fold (3).
Disease control is highly influenced by lifestyle habits, emphasizing great
responsibility of the patient for his own course of disease. Treatment,
therefore, largely depends on the self management capabilities of the patient
(4). However, treatment adherence is low in this population (5). The slow
progressive nature of the disease in which the patient often experiences no
physical complaints, makes it difficult to understand the seriousness of the
disease, until insulin treatment becomes necessary and/or complications
appear.
Disease management has largely focused on disease control by medication
and diet with little attention to the benefits of physical activity. However,
several epidemiological studies have shown benefits of physical activity on
glycemic control (6 9), insulin sensitivity (6; 8; 9), cardiovascular risk factors
(6), cardiorespiratory fitness (10), and weight management in type 2 diabetes
(6; 8; 9). Besides, due to its strong negative association with morbidity and
mortality, physical activity is a powerful means to delay or prevent
complications.
Despite the significance of physical activity in treatment and management of
type 2 diabetes, it is underused in routine diabetes care consultations (11).
Since physical inactivity is highly prevalent in individuals with type 2
diabetes, and they often have a history of inactivity, maximum exercise
capacity (VO2 max) in individuals with type 2 diabetes is on average lower
than in healthy persons (12). Patients are often not familiar with the positive
effects of physical activity or have negative experiences or associations with
it. Furthermore, (severe) overweight is common in this population, which is a
barrier to being physically active.
Traditionally, most exercise intervention studies in type 2 diabetes
populations have incorporated structured, supervised aerobic exercise.
Aerobic training programs involve repetitive large muscle group exercises
and are aimed at improving cardiorespiratory fitness. Muscle mass is the
largest and most important site of glucose storage. Increasing muscle mass
therefore may have a great potential to affect glycemic control and insulin
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resistance, especially in older adults in whom muscle mass has decreased.
Resistance training as a specific mode to accomplish this, therefore, recently
gained interest (13). Thus, both aerobic training and resistance training may
be beneficial in type 2 diabetes, however in different ways. A combination of
these two modalities seems to be a promising strategy in managing type 2
diabetes. The objective of this study is to conduct a meta analysis of
randomized controlled trials in order to assess the effects of aerobic training,




Studies for this meta analysis were obtained from searches of the following
electronic bibliographic databases: The Cochrane Library, MEDLINE and
EMBASE. The databases were searched from January 1986 up and until
November 2007 and supplemented with hand searches of references of
review articles and potentially eligible studies. Language was not restricted.
Search terms regarding type 2 diabetes were adapted from the Cochrane
Metabolic and Endocrine Disorders Group. Other key words used in the
computerized literature searches were: physical activity, exercise, training,
aerobic exercise, aerobic training, resistance exercise, resistance training,
strength exercise, strength training, weight lifting, walking, circuit weight
training.
Study selection
The selection of studies, and data abstraction was conducted by two authors
(BK and VP), independent of each other. Disagreements were resolved by
consensus. An exercise intervention was defined as a pre determined
program including specific recommendations for the type, frequency,
duration and intensity of physical activity with a specific objective (14). The
inclusion criteria applied in this meta analysis were as follows: (1)
randomized controlled trials (RCTs) comparing exercise versus non exercise
control, exercise plus diet versus diet alone or exercise plus medication
versus medication alone, (2) prescribed aerobic training, resistance training
or a combination of both for at least eight weeks, (3) adult males and females
classified as having type 2 diabetes by study authors, (4) assessment of at
least HbA1c as an outcome measure. Physical activity counseling studies, and
studies in which patients were recommended to increase their physical
activities to a certain level were excluded, since in these studies it is difficult




Data extracted from each study included variables of the following
categories: (1) study characteristics (randomization method, allocation
concealment, blinding of outcome assessors, intention to treat analysis); (2)
sample characteristics (inclusion and exclusion criteria, total number of
participants in the intervention and control group, sex, age, duration of
diabetes, baseline characteristics, diagnostic criteria, similarity of groups at
baseline, dropout and compliance): (3) intervention and control
characteristics (intervention duration, and type, frequency, duration, and
intensity of the training program), (4) primary outcome (HbA1c), and (5)
secondary outcomes, and (6) results (means and standard deviations or 95%
confidence interval of baseline and post intervention continuous variables
and possible adverse advents).
Statistical analysis
The primary outcome measure was long term glycemic control, indicated by
HbA1c (%). Additional outcome measures were body mass (kg), BMI (kg/m2),
cardiorespiratory fitness expressed as VO2 max (ml min 1 kg 1), lipid profile
(total cholesterol, low density lipoprotein cholesterol (LDL), high density
lipoprotein cholesterol (HDL), triglycerides) (mmol/l), and blood pressure
(mmHg). Although morbidity/complications and total mortality are
important outcomes in diabetes intervention research, the timeframe of the
exercise interventions (generally short term) is not appropriate to investigate
these outcomes.
Analyses were performed in Review Manager 4.2. Net changes in the
primary and secondary outcomes were calculated as the difference (exercise
minus control) of the post intervention mean outcome values. Pooled effects
were calculated for each exercise mode separately, by assigning weights
equal to the inverse of the standard error for net changes in all outcomes. In
case no post intervention measures of dispersion were provided, the
standard deviation of the baseline mean was used. All analyses were
performed with a fixed effects model.
Heterogeneity between the outcomes of the studies was tested using the I2
parameter of inconsistency, which is defined as I2 = 100% * (Q df)/Q (Q: chi
squared statistic, df: degrees of freedom). When inconsistency was greater
than 50%, the studies were considered as heterogeneous. In that case, we
excluded each study from the analyses once in order to detect the potential
source of heterogeneity.
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Methodological quality (internal validity) of the randomized clinical trials
was scored on the Delphi list (15). The Delphi list is a valid and reliable 9
item checklist concerning patient selection, outcome measurement, and
statistical analysis (16). The number of positively scored validity items yields
a sum score. Blinding of participants and providers of the intervention could
not be applied, so only the blinding of the outcome assessors was assessed.
Scores therefore ranged from 0 to 7. The cut off point was set at 50% and
therefore high quality studies were defined by a score of 4 and higher and
studies of poor quality by a score of 3 and less (17).
RESULTS
Of the 27 potentially appropriate randomized controlled studies retrieved,
eighteen studies were included, as summarized in table 1 (18 35). One author
was contacted for missing post intervention outcomes of the control group,
which were rapidly provided (31). Nine randomized controlled trial were
excluded for the following reasons: involving home based training in a study
sample that already received a structured exercise intervention (36);
providing flexibility training (37), relaxation (38), or education (39) to the
control group, which was not provided to the intervention group; comparing
two exercise interventions (40); providing co intervention in the intervention
group which was not provided to the control group (41); not providing post
intervention results of the control group (42); also including participants with
impaired glucose tolerance (43); and applying a trial duration of less than
eight weeks (44). Cuff et al. (18), and Sigal et al. (24) compared two,
respectively three different exercise modes to a non exercise control group.
For both studies, all intervention groups are included in the meta analysis
and compared separately to their control group. Wing et al. performed two
comparisons of which only the comparison of exercise plus diet versus diet
only is incorporated in this meta analysis (26).
The eighteen included studies consisted of nine aerobic training (AT)
interventions (18 26), five resistance training (RT) interventions (24; 27 30),
and seven interventions combining aerobic and resistance training (AT+RT)
(18; 24; 31 35). Characteristics of the included studies are shown in table 1. In
total, 917 participants were included of which 541 were allocated to an
exercise intervention (AT: 187, RT: 138, AT+RT: 216, respectively).
Furthermore, up to ten outcomes were available for pooling. Sample size
varied from 16 to 251 participants. Percentage male participants ranged from
0% to 100%. Mean age of the samples ranged from 45 to 67 years, mean
duration of diabetes ranged from 2 to 10 years, and mean HbA1c at baseline
ranged from 6.9 to 11.7%. Five studies had an intervention duration of less
than three months (21; 26; 27; 29; 34), and eight studies had a duration of
three to six months (18; 19; 22 25; 28; 32; 35). Three studies applied a duration




Only six studies were of high quality (see table 1) (18; 19; 24; 27; 28; 34).
Although all described as randomized controlled trials, only Dela et al. and
Sigal et al. reported the method of randomization used (19; 24). Allocation
concealment of treatment was only reported by Sigal et al. (24). Participants
in the intervention group of Balducci et al. were significantly younger and
had significantly lower blood pressure than participants in the control group
(31). In the study of Castaneda et al., a significantly higher proportion of
subjects on insulin therapy was found in the control group at baseline.
However, data analysis showed that insulin use did not affect the training
effect (28). Blinding of the outcome assessor was only described by Sigal et
al., and Castaneda et al. (except for assessment of muscle strength) (24; 28).
Drop out rates were acceptable and ranged from 0 to 28%, with an average
drop out rate of 10% (AT), 12% (RT), and 7% (AT+RT), respectively, in the
intervention groups, and 8% in the control groups. Five studies had no






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2, shows that compared to non exercise control, exercise resulted in a
significant reduction of 0.63 (aerobic training), 0.38 (resistance training), and
0.77 (combined aerobic and resistance training) percentage points HbA1c,
respectively.
Furthermore, table 3 shows a small, but significant, effects of combined
aerobic and resistance training on systolic blood pressure, as well as diastolic
blood pressure. However, heterogeneity was found between the outcomes of
systolic (I2 = 70.0%) and diastolic (I2 = 56.1%) blood pressure of the combined
aerobic and resistance training interventions. When the study of Balducci et
al. (31) was excluded, inconsistency dropped to 19.6% (systolic blood
pressure), and 0% (diastolic blood pressure), respectively. The overall effects
of AT+RT on systolic blood pressure (WMD 1.70 mmHg, 95% CI [ 7.19,
3.80]), and diastolic blood pressure (WMD 1.06 mmHg, 95% CI [ 5.43, 3.32]),
were no longer significant after exclusion of this study (p = 0.54, and p = 0.64,
respectively).
Cardiorespiratory fitness, measured by VO2 max/VO2 peak (ml min 1 kg 1)
was reported in six studies (18; 20 23; 32; 34). Bjørgaas et al. reported data of
VO2 max as median and range, Cuff et al. reported data as (l/min.) and these
studies were therefore excluded from analysis. Aerobic exercise had a
significant effect on cardio respiratory fitness. However, again, considerable
heterogeneity was found in the four studies that measured VO2 max (I2 =
75.5%), mostly attributable to the study of Mourier et al. (21). By excluding
this study, the effect of exercise on VO2 max was no longer significant (WMD
1.80 ml min 1 kg 1, 95% CI [ 0.18, 3.78], p = 0.08).
Exercise intervention did not elicit any changes in body mass, nor in BMI. No
significant effects of exercise on lipid profile was obtained, except for the
effect of combined aerobic and resistance training on HDL cholesterol.
Finally, heterogeneity was found in the results of the resistance training
studies for the outcomes of systolic blood pressure (I2 = 59.6%), and HDL
cholesterol (I2 = 75.5%). After exclusion of the study of Castaneda et al. (28),
and Dunstan et al. (30), respectively, inconsistency dropped to zero, but both
effects remained non significant (p = 0.90, and p = 0.56).
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HbA1c (%) n (I/C)
Aerobic training 333 0.63 [ 0.91, 0.35]*
Cuff, 2003 (A) 18 (9/9) 0.07 [ 0.86, 0.27]
Dela, 2004 16 (9/7) 0.30 [ 1.96, 1.36]
Middlebrooke, 2006 52 (22/30) 0.30 [ 0.86, 0.26]
Mourier, 1997 22 (10/11) 1.50 [ 2.38, 0.62]
Raz, 1994 38 (19/19) 1.20 [ 3.42, 1.02]
Ronnemaa, 1986 25 (13/12) 1.30 [ 2.71, 0.11]
Sigal, 2007 (A) 108 (49/59) 0.62 [ 1.18, 0.06]
Tsujiuchi, 2002 26 (16/10) 0.84 [ 1.81, 0.13]
Wing, 1988 28 (13/15) 0.80 [ 1.63, 0.03]
Resistance training 245 0.38 [ 0.74, 0.02]*
Baldi, 2003 18 (9/9) 0.00 [ 1.66, 1.66]
Castaneda, 2002 62 (31/31) 0.70 [ 1.40, 0.00]
Dunstan, 1998 21 (11/10) 0.30 [ 1.98, 1.38]
Dunstan, 2002 29 (16/13) 0.20 [ 0.97, 0.57]
Sigal, 2007 (B) 115 (56/59) 0.33 [ 0.88, 0.22]
Aerobic + resistance training 393 0.77 [ 1.05, 0.49]*
Balducci, 2004 112 (57/55) 1.21 [ 1.73, 0.69]
Bjørgaas, 2005 25 (14/11) 0.22 [ 1.17, 0.73]
Cuff, 2003 (B) 19 (10/9) 0.07 [ 1.18, 1.04]
Loimaala, 2003 49 (24/25) 0.70 [ 1.48, 0.08]
Maiorana, 2002 32 (16/16) 0.60 [ 1.58, 0.38]
Sigal, 2007 (C) 117 (58/59) 0.95 [ 1.50, 0.40]
Tessier, 2000 39 (19/20) 0.20 [ 1.05, 0.65]
I, intervention group; C, control group
* significant effect (p < 0.05)
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Table 3: Weighted mean differences of the secondary outcomes, per
exercise mode




Aerobic training 188 (3 studies) (20; 24; 26) 0.46 [ 6.36, 5.44]
Resistance training 227 (4 studies) (24; 28 30) 3.76 [ 8.60, 1.09]
Aerobic + resistance
training




Aerobic training 188 (3 studies) (20; 24; 26) 0.07 [ 3.41, 3.55]
Resistance training 227 (4 studies) (24; 28 30) 0.81 [ 3.15, 1.54]
Aerobic + resistance
training
247 (3 studies) (24; 31; 32) 4.91
[ 6.80, 3.02]**
Cardio respiratory fitness





Aerobic training 269 (7 studies) (18 21; 23; 24;
26)
0.04 [ 4.69, 4.62]
Resistance training 245 (5 studies) (24; 27 30) 0.42 [ 4.94, 4.11]
Aerobic + resistance
training
230 (5 studies) (18; 24; 32;
34; 35)
1.39 [ 6.24, 3.46]
Body mass index
Aerobic training 235 (5 studies) (19 22; 24) 0.78 [ 0.65, 1.21]
Resistance training 136 (2 studies) (24; 29) 1.87 [ 3.96, 0.21]
Aerobic + resistance
training
317 (4 studies) (24; 31; 33;
35)
0.96 [ 2.16, 0.23]
* significant effect (p < 0.05)




Outcome N participants (analyzed) WMD [95% CI]
Lipid profile
Total cholesterol (mmol/l)
Aerobic training 159 (5 studies) (20 23; 26) 0.02 [ 0.31,0.27]
Resistance training 91 (2 studies) (28; 30) 0.03 [ 0.37, 0.43]
Aerobic + resistance
training
169 (3 studies) (31; 32; 34) 0.12
[ 0.46, 0.21]
LDL cholesterol (mmol/l)
Aerobic training 201 (4 studies) (20; 21; 23; 24) 0.22 [ 0.31,0.27]




261 (3 studies) (24; 31; 34) 0.04 [ 0.28, 0.36]
HDL cholesterol (mmol/l)
Aerobic training 267 (6 studies) (20 24; 26) 0.02 [ 0.09, 0.05]




286 (4 studies) (24; 31; 32; 34) 0.13 [0.02, 0.23]*
Triglycerides (mmol/l)
Aerobic training 267 (6 studies) (20 24; 26) 0.10
[ 0.35, 0.15]




286 (4 studies) (24; 31; 32; 34) 0.31
[ 0.68, 0.05]
* significant effect (p < 0.05)
** significant effect, but after correcting for heterogeneity no longer significant
DISCUSSION
This review of eighteen exercise interventions (n = 844, analyzed) showed a
significant decrease in levels of HbA1c after aerobic training, resistance
training, or both, with the largest effect obtained after a combination of
aerobic and resistance training. The effects on HbA1c found in this study were
independent of weight loss, and are comparable to those shown in two
previous meta analysis (7; 45). Subgroup effects for exercise mode found in
the current meta analysis were slightly lower for all three exercise modes
(aerobic training: WMD 0.63 versus –0.70, resistance training: WMD –0.38
versus –0.5, combined training: WMD 0.77 versus –0.80), compared to the
results of the meta analysis of Snowling et al. (46).
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The effects of combined exercise on blood pressure were significant, but
heterogeneous. Thomas et al., found no significant effects of exercise on
blood pressure, whereas Snowling et al., reported small to moderate effects
after aerobic training and combined training, but not after resistance training
(45; 46). Exercise also had a positive effect on VO2 max, but this effect was
lower than the overall effects found in the meta analyses of Boulé et al. (10)
and Thomas et al. (45). Furthermore, exercise intervention did not produce
significant differences in lipid profile, except for a significant improvement of
HDL cholesterol level after combined aerobic and resistance training, which
was similar to the results of Snowling et al. (46). Kelley et al. (47), found only
a significant effect of aerobic exercise on LDL cholesterol, whereas Thomas et
al. only found significant improvements in triglyceride levels (45).
Although the effects of structured exercise training on type 2 diabetes seem
to be modest, they are of clinical significance for cardiovascular risk
reduction. Recently, in the UK Prospective Diabetes Study (UKPDS)75, the
relative importance of glucose and blood pressure control in Type 2 diabetes
was assessed (48). Observational data of 3,418 patients showed an additive
risk reduction of 21% per 1 percentage point HbA1c decrease, and 11% per 10
mmHg reduction in systolic blood pressure for any diabetes related end
point. For comparison, HbA1c level decreased with 0.63 0.77 percentage
points in the AT and AT+RT trials, and systolic blood pressure in the current
meta analysis decreased about 7 mmHg after combined aerobic and
resistance training.
Furthermore, risk reduction can also be achieved by improvement of
cardiorespiratory fitness (10). Low cardiorespiratory fitness and inactivity,
both highly prevalent in the diabetes population, have been indicated as
independent predictors of all cause mortality in individuals with diabetes
(10). Blair et al. found that an increase of 1.44 ml min 1 kg 1 in VO2 max equals
a 7.9% reduction in overall mortality (49). The increase of 1.80 ml min 1 kg 1 in
VO2 max found in this meta analysis after correction for heterogeneity is
slightly higher. Gregg et al. showed that a low intensive activity such as
walking for at least two hours per week was associated with a significant
reduction in all cause (39%) and cardiovascular mortality rate (34%) in adults
with diabetes (50). Interestingly, there also seems to be no clear dose
response relationship between exercise intensity and lowering of HbA1c (45;
46), and blood pressure (51).
When interpreting findings from the studies included in this meta analysis
several methodological issues need to be mentioned. Only six studies (all
published after 2001) applied an intention to treat analysis (18; 19; 24; 27; 28;
34). Not performing an intention to treat analysis may overestimate
intervention effectiveness (52). Furthermore, the studies included showed
mixed results within the three different exercise modes, which makes it
difficult to document the real effect of exercise on type 2 diabetes. This
variability may exist because of differences in trial length, intervention
36 
 
characteristics (e.g. exercise intensity), and subject characteristics (e.g.
baseline HbA1c values). One of the strongest limitations of the studies
included in this review is the low power due to small sample size. Only Sigal
et al. reported a sample size calculation (24), and only three studies reached
an adequate statistical power (21; 24; 31). Moreover, the interventions
included in this meta analysis are of relatively short duration lacking
information about long term adherence. Two studies applied a follow up
period up to 12 months post intervention (22; 26). Both showed some
beneficial effect in participants who continued exercising, however losses of
follow up were high. Participants in the study of Dunstan et al. continued
exercising in a home based resistance training program of six months (36).
Improvement of glycemic control could not be maintained despite
improvements in muscle strength and lean body mass, which was probably
due to the decreased exercise intensity obtained in the home based program
and lower adherence to the exercise regimen. Another issue is the
generalizability of the results: it might be questioned whether positive results
obtained in a small, often highly selected, relatively well controlled,
motivated group under optimal conditions, may guarantee the effectiveness
of the exercise intervention at population level.
The above mentioned previous meta analyses apply different inclusion
criteria (e.g. controlled clinical trials versus randomized controlled trials
only, inclusion of studies providing co intervention), different statistical
analyses, and include different numbers of studies, which may lead to
differences in findings. The strength of the current meta analysis lies in the
relative high number of participants available for pooling, which increases
statistical power, and which made it possible to assess the effects of physical
training per exercise modality. Furthermore, contrary to some meta analyses
(7; 46) the current meta analysis included randomized trials only, which may
less bias the results.
Although, a combination of aerobic and resistance training elicited somewhat
lager benefits than the two exercise modes separately, it is based on the
current meta analysis not possible to make a clear statement of which
exercise mode is the best for individuals with type 2 diabetes. To study
whether exercise interventions will work at population level more research is
needed on the effects of exercise interventions in long term (>1 year), with
special attention to the possibility of making the intervention easily available
for large groups of individuals, in real world settings. Furthermore, the use
of other outcomes is required, such as adherence, quality of life, adverse
events, and morbidity. Study effects should be analyzed on an intention to
treat basis, in order to obtain information about the effectiveness of exercise
in the management of type 2 diabetes. Finally, larger study samples are
needed to obtain sufficient power to determine the effects of the different
exercise modalities on type 2 diabetes.
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Objective: the aim of this study was to study the associations between
vascular co morbidity and depression in insulin naïve patients with type 2
diabetes
Research design and methods: Cross sectional data from the DIAZOB study
were used, involving a primary care sample of 1269 insulin naïve patients
with type 2 diabetes. Demographics, vascular co morbidities, functional
limitations, clinical and lifestyle characteristics, and psychosocial factors were
assessed. Depression was assessed with the Edinburgh Depression Scale, a
score > 11 was defined as depression. Between group differences were
examined with chi square statistics and t tests comparing the groups with
and without vascular co morbidities. Rates and odds ratios of depression
were calculated for each vascular co morbidity, with type 2 diabetes only as
the reference group, correcting for age and sex. Finally, sequential multiple
regression analyses were performed to test additional, more comprehensive
models regarding the risk of depression in diabetes.
Results: Prevalence of depression was 11% in the total sample with no
difference between the groups with and without vascular co morbidities
(11.2% versus 10.0%). Except for coronary heart disease and neuropathic foot
with coexisting vascular co morbidities, none of the vascular co morbidities
were significantly associated with depression. The final model predicting
depression included having two vascular co morbidities compared to none,
increasing vision problems, difficulties with remembering things, lower
social support, having experienced a recent life event, female sex, and
smoking.
Conclusions: In the whole sample, rates of depression in those with vascular
co morbidities did not differ from patients with type 2 diabetes only.
Vascular co morbidities were only associated with higher depression scores




Depression is worldwide one of the leading contributors to the burden of
disease, and is an important cause of disability (1). It has been shown that
depression is more common in people who have a chronic disease (2). For
example, there is mounting evidence that depression is positively associated
with type 2 diabetes, the most common type of diabetes. In a recent meta
analysis, Ali et al. (2006) showed that type 2 diabetes significantly increases
the prevalence of depression compared to non diabetic individuals (17.6% vs.
9.8%, OR = 1.3, 95% confidence interval [1.2 – 2.0]) (3). The reasons for this
increased prevalence are still not fully understood, but the general notion is
that the burden of having diabetes, and particularly having complications of
diabetes, plays an important role in the etiology of depression in diabetes.
For example, a study in Dutch community dwelling elderly, showed that the
prevalence of depression was particularly high in diabetes patients with co
morbid medical disease(s) (20%), compared to patients with type 2 diabetes
only (8%) or no chronic disease at all (9%) (4).
De Groot et al. (2001) also showed in their meta analysis that depression was
significantly associated with the presence of several macro and
microvascular diabetes complications (5). Furthermore, there is strong
evidence for a relationship between vascular diseases in general and
depression, especially in the elderly (6; 7). Additionally, Vileikyte et al. (2005)
showed that the severity of diabetic neuropathy was associated with
depression, but this relationship was partly mediated by the perceived
functional disability when performing daily activities (8). It is important to
emphasize that the studies that were included in the meta analysis of Ali et
al. (2006) (3), reported data of relatively small samples of patients with type 2
diabetes. This obviously prevented adequate detection of potential
confounding factors in the pooled population.
Little research has been performed in patients with type 2 diabetes in which
prevalence of depression is controlled for potential confounders and
especially, the co existence of vascular co morbidities (4; 9 14). The only
large population based primary care sample included in the meta analysis of
Ali et al. (2006) (3) did provide adjusted and unadjusted rates of depression
and corrected for cardiovascular disease, but not for other diabetes related
complications (15). Additionally, Egede et al. (2005), are probably the only
authors who identified the contribution of specific chronic conditions to
depression (10). However, their sample did not discriminate between type 1
and type 2 diabetes, and did not examine the contribution of specific co
morbidities to depression. Therefore, the aim of this study was to determine
the prevalence of depression in a large, well defined diabetic population of
insulin naïve type 2 diabetes patients, comparing patients with type 2
diabetes only with those with co existent vascular co morbidities.
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Three research questions were studied:
First, is depression more common in insulin naïve type 2 diabetes patients
with co existent vascular co morbidities compared to those who have type 2
diabetes without these co morbidities?
Second, is the number of vascular co morbidities associated with higher
levels of depression ?
Third, what is the relative contribution of demographic features, clinical and
lifestyle factors, and psychosocial factors to depression?
RESEARCH DESIGN ANDMETHODS
Subjects
Data were collected within a cohort (n = 1770) of patients with type 2 diabetes
of a large ongoing diabetes routine care program ‘DIAZOB’ (Diabetes Care
Zuid Oost Brabant). Subjects living in the Eindhoven region, the
Netherlands, were invited by a nurse practitioner trained in diabetes
management to join this project during their regular diabetes check up. The
intention is to follow this cohort during their lifetime, and to assess
biological, demographic, psychosocial, and lifestyle parameters periodically
with a one year time interval. For the purpose of this study, only insulin
naïve patients were included in the analyses, thereby excluding 117 (7%)
patients who were using insulin. After exclusion of responders who gave no
informed consent (n = 90), and after excluding records due to missing data (n
= 294), the study sample included 1269 participants.
Assessments
Demographic variables (age, sex, marital status, educational level), and
lifestyle factors (smoking status, and alcohol consumption) were assessed by
survey.
Vascular co morbidities
Vascular co morbidities, including coronary heart disease (CHD), peripheral
arterial disease (PAD), stroke, neuropathic foot, ischemic foot, retinopathy
and nephropathy, were assessed during an interview led by the nurse
practitioner, who also checked this information in the medical files of the
general practitioner.
Functional limitations
Functional limitations were determined using a self report 5 point Likert
scale with a score of 0 indicating ‘not at all limited’ and a score of 5 indicating
‘very much limited’ (adapted from the LASA study) (16). The functional
limitations that were assessed included: hearing problems, vision problems,




HbA1c and body mass index (BMI) values were collected at the Diagnostic
Centre Eindhoven, a primary care diagnostic institute which is responsible
for the periodic assessment of biological parameters as well as eye and foot
examinations in patients with diabetes.
Psychosocial factors
Depression was assessed using the Dutch validated version of the Edinburgh
Depression Scale (EDS) (Cronbach’s alpha 0.84) (16 19). This is a 10 item self
rating scale in which each item is scored on a four point Likert scale. Total
scores range from 0 to 30 points, with a score of over 11 points indicating the
presence of depression. In the present study, cut off for depression was
therefore set at an EDS score of more than 11 points.
Social support was determined by three items adapted from O’Hara et al.
(Cronbach’s alpha 0.87) (20). Response categories range from 0 to 4 points,
with a score of 0 indicating ‘no social support at all’ and a score of 4
indicating ‘extensive social support’. Social support was measured using the
sum of the three items.
Furthermore, respondents were asked if they had experienced a stressful life
event in the previous 12 months (e.g. loss of a beloved, a divorce, loss of job,
serious financial problems or physical/mental abuse).
Statistical analyses
Differences in demographic, clinical and lifestyle characteristics between the
group with and without co morbidity were analyzed using chi square tests
(Fisher’s exact test when appropriate) for categorical data and student t tests
for continuous data. Logistic regression analyses adjusted for sex and age
(ORs with 95% confidence intervals) were performed for each vascular co
morbidity separately with depression as the dependent variable. The group
with type 2 diabetes without vascular co morbidities was used as a reference
group and was compared with the group with a specific vascular co
morbidity (e.g. stroke) with, and without coexisting vascular diseases.
Finally, to assess the relative importance of potential confounders and risk
factors of depression, sequential multiple logistic regression analyses (ORs
with 95% confidence intervals) were performed in the total group by entering
the following sets of independent variables: (1) age, female sex, being single,
low education; (2) quantity of vascular co morbidities; (3) functional
limitations; (4) HbA1c, BMI, smoking status, alcohol intake; (5) social support,
having experienced a life event recently. Analyses were conducted using the




The study sample (n=1269) was predominantly Caucasian (97.6%), with an
equal sex distribution. The mean age was 66 ± 10 years, and the mean HbA1c
level was 6.7%). Prevalence of depression in the total study sample was 11%
(males: 6.9%, females: 14.4%, p < 0.0001).
Between group differences
The characteristics of the study sample are summarized in Table 1. In total,
562 patients (44%) had type 2 diabetes only, the other 707 (56%) had one or
more vascular co morbidities, of which 431 (61%) had only one vascular
disease. The prevalence of macrovascular disease ranged from 6.7 (stroke) to
21.6% (PAD and CHD) of the total sample, whereas microvascular disease
was diagnosed in 2.7 % (ischemic foot) to 24.6% (neuropathic foot) of the total
sample. As can be seen in Table 1, patients with vascular disease were
significantly older, more frequently men, and single and experienced
significantly more often functional limitations.
Table 1: Characteristics in subjects without vascular co morbidity (n = 562)







N (%) N (%)
Demographic features
Caucasian ethnicity 550 (97.9) 688 (97.3)
Female sex 305 (54.3) 329 (46.5) *
Age (mean, SD) 62.6 (10.1) 68.7 (9.4) **
Low education 343 (61.0) 452 (63.9)
Single status 105 (18.7) 186 (26.3)*
Clinical characteristics
Diabetes duration (>3 yr) 320 (56.9) 418 (59.1)
Treatment with oral
hypoglycemic medication
444 (79.0) 582 (82.3)
HbA1c (mean, SD) 6.6 (0.8) 6.7 (0.8)












N (%) N (%)
Psychosocial factors
Depression score EDS (mean,
SD)
5.6 (4.7) 5.8 (4.6)
EDS score > 11 56 (10.0) 79 (11.2)
Social support (mean, SD) 7.8 (3.1) 8.1 (2.9) *
Recent life event (previous 12
months)
188 (33.5) 243 (34.4)
Lifestyle factors
Current smoker 93 (16.5) 97 (13.7)
Alcohol intake (> 14
consumptions/week)
40 (7.1) 54 (7.6)
Functional limitations
Hearing problems (mean, SD) 0.48 (0.88) 0.76 (1.07) **
Vision problems (mean, SD) 0.72 (0.85) 0.86 (0.93) *
Miction problems (mean, SD) 0.56 (0.91) 0.75 (1.08) *
Nocturia (mean, SD) 0.93 (0.98) 1.17 (1.10) **
Difficulties with remembering
things (mean, SD)
0.79 (0.90) 1.01 (1.02) **
Vascular co morbidities ***
Macrovascular diseases 457 (36.0)
Peripheral arterial disease 274 (21.6)
Coronary disease 274 (21.6)
Stroke 85 (6.7)
Microvascular diseases 422 (33.3)
Neuropathic foot 312 (24.6)
Ischemic foot 34 (2.7)
Retinopathy 73 (5.8)
Nephropathy 482 (3.8)







*** Vascular co morbidities: rates are depicted as proportion of total population (n = 1269)
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Prevalence of depression
In a first analysis, the prevalence of depression did not differ significantly
between the group of patients without vascular co morbidities and those
with vascular co morbidities, for the group as a whole (10.0% versus 11.2%, p
= 0.49) as well as in men (6.2% versus 7.4%, p = 0.56) and women (13.1 versus
15.5%, p = 0.39) separately. Moreover, more detailed results are shown in
Table 2, where the prevalence of depression is shown for each vascular
disease. Since 39% of the patients with vascular co morbidities had multiple
vascular co morbidities, the prevalence of depression is shown for the group
with one specific vascular disease only, and the group with this same
vascular disease together with one or more coexisting vascular co
morbidities. Except for the group with CHD only (13.3%), and the group
with retinopathy only (10.7%), the prevalence of depression tended to be
lower in the groups with only one coexisting vascular disease compared to
the group having only type 2 diabetes. However, apart from the two above
mentioned exceptions, the coexistence of multiple vascular co morbidities at
least doubled the prevalence of depression compared to having only one
specific vascular co morbidity (Table 2).
In Table 2, logistic regression analyses adjusted for sex and age are shown
with depression as the dependent variable. For each vascular disease (with
and without coexisting vascular diseases) separately, likelihood for
depression is compared to having type 2 diabetes without co morbidities.
Vascular co morbidities that were associated with a substantially higher (i.e.
approximately doubled) likelihood of depression were CHD with and
without coexisting co morbidity, and stroke, neuropathic foot, retinopathy
and nephropathy in combination with other vascular co morbidities.
Multiple logistic regression analyses
Finally, the results of sequential multiple logistic regression analyses are
shown in Table 3. In the first step, female sex, younger age, and low
education were significantly associated with higher levels of depression. In
the second step, having two vascular co morbidities was positively
associated with depression, whereas in step three, having vision problems
and difficulties with remembering things were associated with higher levels
of depression. In the fourth step, none of the added clinical and lifestyle
factors appeared to be significantly associated with depression. Ultimately, in
the final model ( 2 9.90, df 8, p = 0.27, Cox & Snell R2 0.144, Nagelkerke R2
0.286) depression was significantly predicted by having two vascular co
morbidities (OR = 2.40), increasing vision problems (OR = 1.35) and
difficulties with remembering things (OR = 1.69), lower social support (OR =
1.27), having experienced a life event in the previous 12 months year (OR =




Table 2: Rates and odds for subjects with a specific vascular disease (with
and without coexisting vascular diseases) compared to subjects without














no 81 6.2 0.61 (0.23 – 1.57)
yes 193 11.9 1.58 (0.90 – 2.76)
Coronary disease no 90 13.3 1.72 (0.85 – 3.52)
yes 184 14.7 2.03 (1.18 – 3.48)
Stroke no 28 7.1 0.87 (0.20 – 3.83)
yes 57 14.0 2.07 (0.88 – 4.89)
Microvascular diseases
Neuropathic foot no 166 9.6 1.22 (0.65 – 2.30)
yes 146 13.0 1.87 (1.06 – 3.51)
Ischemic foot no 20 5.0 0.70 (0.09 – 5.47)
yes 14 14.3 1.67 (0.35 – 8.08)
Retinopathy no 28 10.7 1.02 (0.30 – 3.53)
yes 45 15.6 2.25 (0.90 – 5.64)
Nephropathy no 18 5.6 0.58 (0.08 – 4.57)
yes 30 20.0 2.38 (0.89 – 6.35)
* adjusted for sex and age


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In the present study, the prevalence of depression in insulin naïve type 2
diabetes patients was 11%, which was lower than the prevalence (17%)
reported in the meta analysis of Ali et al. (2006) and the rates reported in two
previous studies in Dutch type 2 diabetes patients (3, 4, 14). It was even
comparable to the prevalence of depression in non diabetic individuals and
type 2 diabetes patients without co morbidities (3; 4). Furthermore, results of
our study show that the prevalence of depression was not increased in the
whole group of type 2 diabetes patients with co morbidities (even when
stratified for sex).
Further more detailed analyses, though, demonstrated that the presence of
multiple vascular co morbidities approximately doubled the likelihood of
depression. In line with findings of previous research (4; 10; 12; 21), the
number of vascular co morbidities was related to higher levels of depression.
For example, Rubin et al. (1997) found that in patients with three or more
vascular co morbidities, the risk of developing depression was increased (21).
However, in the study of Katon et al. (2004), in which also patients with type
1 diabetes were included, the number of diabetes co morbidities was
associated with major depression in men only, and with minor depression in
older patients only (12) .
We believe that there are several possible explanations for our finding that
depression was more common in patients with multiple co morbidities. First,
the burden of having several chronic diseases might have contributed to
feelings of depression. Secondly, there may also be biological mechanisms
that are associated with cardiovascular disease that can also contribute to
depression. For example: an increasing number of studies suggest that
inflammatory responses have an important role in the pathophysiology of
type 2 diabetes, cardiovascular disease and depression. An ongoing cytokine
induced acute phase response appears to be closely involved in the
pathogenesis of type 2 diabetes and associated complications (22).
Considerable evidence has accumulated over the past decade that the
atherosclerotic process is regulated by inflammatory mechanisms.
Cardiovascular disease is increasingly being viewed as a chronic
inflammatory response to injuries of the vascular endothelium (23). In the
field of psychiatry, depressed patients have been found to have higher levels
of cytokines, acute phase proteins, chemokines and cellular adhesion
molecules. In addition, an association between immune activation and
depression is supported by studies describing a very high incidence of
depressive symptoms (50%) in patients undergoing immunostimulatory




It should be noticed that the current primary care sample consisted of
insulin naïve patients with a relatively “uncomplicated” diabetes. As could
be expected, the proportion of patients with vascular co morbidities was still
relatively low (56%). In other studies percentages of patients with co morbid
disease typically ranged from 69 75% (4; 10 12). Furthermore, the current
study confirmed previous findings that functional limitations, which often
come along with old age and chronic diseases such as cardiovascular disease,
increase the likelihood of depression (4; 11). Except for the number of
vascular co morbidities, no other diabetes specific factors were associated
with depression. This is in contrast for example with conclusions of a meta
analysis showing that elevated HbA1c levels were associated with higher
levels of depression (25). We believe this may be due to the relatively good
glycemic control in our sample. Similarly, BMI was not associated with
depression, which is also in contrast with previous studies (12; 15). Finally, in
the current study the low levels of social support and the occurrence of major
life events were also strongly associated with depression, which has also
been reported in the literature of depression in general.
A major strength of our study is the detailed documentation of the presence
of vascular co morbidities. Other strengths are the relatively large sample
size and the homogeneous character of the sample of insulin naïve patients
with type 2 diabetes. However, some limitations need to be mentioned. First,
the cross sectional design does not allow for making causal inferences, such
as statements on whether co morbidities and functional limitations preceded
depression or vice versa. Second, although the total sample was relatively
large, it was difficult to identify the contribution to depression of the
individual vascular co morbidities, since they are often accompanied with
other vascular co morbidities. Thirdly, the burden of having vascular co
morbidities may not fully be evaluated by our measure of functional
limitations. Future studies should also include limitations such as decreased
mobility and disability when performing daily and/or social activities, and/or
diabetes symptoms which may be assessed by the Diabetes Symptom
Checklist (26). Finally, depressive symptoms rather than syndromal
depression were assessed. For obvious reasons, in large samples, self rating
scales are preferentially used.
In conclusion, in the current, relatively healthy, primary care sample, rates of
depression in patients with vascular co morbidities were not higher than in
patients with type 2 diabetes without vascular co morbidities. However,
more detailed analyses showed that having two or more vascular co
morbidities, and in particular coronary heart disease or neuropathic foot
combined with other vascular diseases, increased the risk of depression
compared to having type 2 diabetes without vascular co morbidities.
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Depression is associated with
physical inactivity in patients with
type 2 diabetes




Background: Prevalence of physical inactivity in individuals with type 2
diabetes is high. Little information is known about the factors associated with
physical inactivity.
Objective: To examine possible factors related to physical inactivity in
individuals with type 2 diabetes, taking into account a set of psychosocial
factors.
Methods: Individuals with type 2 diabetes from 100 general practitioners in
the Eindhoven region, the Netherlands, were invited to join this study by a
nurse practitioner during regular diabetes check up. In 2646 primary care
type 2 diabetes patients who responded, demographic variables, physical
inactivity, health related factors, lifestyle factors and psychosocial factors
were analyzed. Single and multiple logistic regression analyses (OR, 95% CI)
were performed with physical inactivity as the dependent variable.
Results: About 48% of the respondents were physically inactive. Signs of
depression were found in 14% of the respondents. Multiple logistic
regression analyses showed that physical inactivity was significantly
associated with depression (OR = 1.67, 95% CI 1.24 – 2.24), being single (OR =
1.27, 95% CI 1.01 – 1.59), female sex (OR = 1.24, 95% CI 1.02 – 1.52), higher
body mass index (OR = 1.04, 95% CI 1.02 – 1.06), and older age (OR = 1.02,
95% CI 1.01 – 1.03).
Conclusions: Depression is an important factor related to physical inactivity in




Increased wealth in Western countries is reflected in a longer lifetime, a high
prevalence of overweight and physical inactivity. One of the most important
consequences of these developments is a strong rise in the prevalence of type
2 diabetes. In the Netherlands, the annual prevalence of type 2 diabetes was
estimated in 2003 to be 34.6 per 1000 (n = 287,200) for men and 36.3 per 1000
(n = 297,700) for women (1). Solely based on demographic data, the
prevalence of diabetes is expected to increase by 32.5% between 2005 and
2025. However, this increase may be even greater since the prevalence of
overweight is rising (2). Type 2 diabetes is a complex chronic disease with
high co morbidity. Diabetes management aims at achieving and maintaining
glycemic control and reducing cardiovascular risk factors in order to prevent
or delay vascular and neural complications. Disease control is largely
influenced by lifestyle habits and self care, which places great demands on
the patient s self management capabilities (3).
Physical activity is an important aspect of diabetes management since it has a
positive effect on glycemic control as well as on cardiovascular risk (4).
However, inactivity is high in type 2 diabetes patients (4; 5). Physical activity
behavior is very complex and depends on several factors. The strongest and
most consistent associations are found between physical activity and
demographic features. Physically active people are more likely to be male,
younger, and higher educated (6). Furthermore, physical activity depends on
several physical (e.g. prevalence of overweight/obesity and co morbidities),
psychosocial (e.g. mood, social support, self efficacy), and environmental
factors (e.g. time and access to exercise facilities) (6; 7).
Research concerning the factors related to physical activity in type 2 diabetes
patients is scarce (8 15). Possible related factors assessed have predominantly
included demographic factors (age, sex, ethnicity, marital status, education
level, income), body mass index, and prevalence of physical limitations. The
results of these studies are inconsistent due to a variety of sample
characteristics and methodological considerations (14), and are difficult to
compare because different measures of physical activity and different
independent variables were used. Furthermore, little is known about the
causality of the reported associations, since only two studies applied a
longitudinal design (12; 13).
Diabetes is often accompanied by psychosocial problems, such as depression
and anxiety (16; 17). Coping with diabetes is psychologically and
behaviorally challenging, and psychosocial factors may therefore influence
almost all aspects of disease management (16). There was hardly any
assessment of psychosocial factors in the existing studies, however. Only Lin
et al. (9) and Morrato et al. (10) included depression as a possible factor
related to physical activity. Both studies found depression to be a strong
correlate of physical activity in individuals with type 2 diabetes.
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However, the effect of other psychosocial factors such as social support and
loneliness has not yet been studied in type 2 diabetes populations. Therefore,
the aim of this study was to examine factors related to physical inactivity in




Between January and April 2006, a number of 3300 individuals with type 2
diabetes from 100 general practitioners in the Eindhoven region, the
Netherlands, were asked to join this study by a nurse practitioner during
their regular diabetes check up. The current study is the first of an ongoing
diabetes management project called ‘DIAZOB’. In this project, the cohort will
be followed during their lifetime and will be periodically assessed for
biological parameters and demographic, psychosocial, and lifestyle
parameters. After exclusion of responders who gave no informed consent,
and after excluding records due to missing data, 2646 participants were
included in the final analysis (response rate after exclusion: 80%).
Assessments
Besides physical inactivity, several factors related to physical activity, as
described in the literature (6; 7), were assessed by survey at baseline. Those
factors included demographics (ethnicity, age, sex, level of education, and
marital status), clinical characteristics (duration of diabetes, diabetes
treatment, HbA1c level, and body mass index), and lifestyle factors (smoking
status and alcohol intake). Furthermore, three psychosocial factors were
included, namely depression, loneliness, and social support.
Physical inactivity
Physical activity was assessed during a nurse led interview. The nurse
practitioner asked the patient how many hours per week s/he spends on
‘active’ physical activity (like walking, cycling, stair climbing, gardening,
etcetera., other than sports). Answer categories were: ‘never’, ‘1 2 hours’, ‘>2
4 hours’, ‘>4 6 hours’, and ‘over 6 hours’ per week. Respondents who said
they were physically active for 4 or less hours per week were labeled
‘inactive’, the others as ‘active’.
Psychosocial factors
Depression was assessed using a validated Dutch version of the Edinburgh
Depression Scale (EDS) (18 20). This is a 10 item self rating scale in which
each item is scored on a four point Likert scale. Total scores range from 0 to
30 points, with a score of over 11 points indicating the presence of
depression. In the present study, cut off for depression was therefore set at
an EDS score of more than 11 points.
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Social support was determined by three items adapted from O’Hara et al.
(21). Answer categories ranged from 0 to 4 points, with 0 indicating ‘no social
support at all’ and 4 indicating ‘extensive social support’. Social support was
scored by the sum of the three items. Low levels of social support were
defined by the mean score minus one standard deviation.
Feelings of loneliness during the last 12 months were scored on a scale from 1
to 10 points, with a score of 1 meaning ‘never feel lonely’ and a score of 10,
‘always feel lonely’. High levels of loneliness were defined by the mean score
plus one standard deviation.
All data were patient reported by means of a survey, except for HbA1c and
body mass index values which were collected at the Diagnostic Centre
Eindhoven, a primary care diagnostic institute. The biological factors were
assessed at the same time as the survey.
Statistical analyses
Analyses were conducted using the Statistical Package for the Social Sciences
(SPSS) version 14. After checking for normality, and colinearity, single and
multiple logistic regression analyses (OR, 95% CI) were performed with
physical activity as the dependent variable. All variables were
simultaneously entered in the multiple analysis. No comparisons were made
between responders and non responders.
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RESULTS
The characteristics of the study sample are summarized in table 1. The
sample was predominantly Caucasian (98%), with a roughly equal sex
distribution. The average age was 68 years, and the average HbA1c level was
6.7%). Some 48% of the respondents was classified as physically inactive.
Signs of depression were found in 14% of all respondents.
Table 1: Characteristics of respondents (n = 2646)
N (%)
Demographic features
Caucasian ethnicity 2434 (97.5)
Female sex 1345 (50.8)






Single status 713 (26.9)
Clinical characteristics
Diabetes duration (mean, SD) 6.3 (6.2)
Treatment
Diet 478 (18.1)
Oral therapy 1924 (72.7)
Oral therapy and insulin 189 (7.1)
Insulin 55 (2.1)
HbA1c (mean, SD) 6.7 (0.7)
Body Mass Index (mean, SD) 29.6 (4.8)
Psychosocial factors
Depression score EDS (mean, SD) 5.9 (4.9)
EDS score > 11 360 (13.6)
Low levels of social support 451 (17.0)
Increased levels of loneliness 482 (18.2)
Lifestyle factors
Physically inactive ( 4 hours / week) 1284 (48.5)




In table 2, single logistic regression analyses show that depression (OR = 1.93,
95% CI 1.54 – 2.43), high levels of loneliness (OR = 1.55, 95% CI 1.27 – 1.90),
being single (OR = 1.56, 95% CI 1.32 – 1.86), low levels of social support (OR =
0.80, 95% CI 0.65 – 0.98), female sex (OR = 1.54, 95% CI 1.32 – 1.80), higher
body mass index (OR = 1.03, 95% CI 1.02 – 1.05), and older age (OR = 1.01,
95% CI 1.01 – 1.02) were significantly associated with physical inactivity.
Table 2: Single logistic regression analysis (n = 2646).
Dependent variable: physical inactivity (OR, 95% CI)
OR (95% CI)
Demographic features
Female sex 1.54 (1.32 – 1.80)
Older age 1.01 (1.01 – 1.02)
Low educational level 0.91 (0.77 – 1.07)
Single status 1.56 (1.32 – 1.86)
Health status
Higher body mass index 1.03 (1.02 – 1.05)
Psychosocial features
Depression (EDS score > 11) 1.93 (1.54 – 2.43)
Low levels of social support 0.80 (0.65 – 0.98)
Increased levels of loneliness 1.55 (1.27 – 1.90)
Lifestyle habits
Smoking 0.99 (0.80 – 1.23)
Alcohol intake 0.85 (0.60 – 1.19)
ORs and 95% CIs depicted in bold are significant
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The results of the multiple logistic regression are shown in table 3. Significant
associations of physical inactivity were depression (OR = 1.67, 95% CI 1.24 –
2.24), being single (OR = 1.27, 95% CI 1.01 – 1.59), female sex (OR = 1.24, 95%
CI 1.02 – 1.52), higher body mass index (OR = 1.04, 95% CI 1.02 – 1.06), and
older age (OR = 1.02, 95% CI 1.01 – 1.03).
Table 3: Multiple logistic regression analysis (n = 2646).
Dependent variable: physical inactivity (OR, 95% CI).
All single variables are entered in multiple analysis
OR (95% CI)
Demographic features
Female sex 1.24 (1.02 – 1.52)
Older age 1.02 (1.01 – 1.03)
Low educational level 1.12 (0.91 – 1.38)
Single status 1.27 (1.01 – 1.59)
Health status
Higher body mass index 1.04 (1.02 – 1.06)
Psychosocial features
Depression (EDS score > 11) 1.67 (1.24 – 2.24)
Low levels of social support 0.84 (0.66 – 1.08)
Increased levels of loneliness 1.18 (0.91 – 1.54)
Lifestyle habits
Smoking 1.09 (0.83 – 1.43)
Alcohol intake 0.93 (0.61 – 1.41)
ORs and 95% CIs depicted in bold are significant
Method: Enter
DISCUSSION
This study examined the association between physical inactivity and
psychosocial factors in a cohort of adults with type 2 diabetes in primary
care. Diabetes is often accompanied by psychosocial problems such as
depression (16; 17), and these factors in turn may negatively affect health
behaviors (22). Some 41% of the respondents was physically inactive. The
prevalence of depression in the entire sample was 12.1%. This is somewhat
lower than that reported in the meta analysis of Ali et al. (18), who found a
prevalence of 17.6% in people with type 2 diabetes (n = 18,455). In line with
the previous work of Lin et al. (9) and Morrato et al. (10) in adults with type 2
diabetes, depression was an important factor related to physical inactivity in
this study. Although there is significant evidence for the negative association
of loneliness and several adverse health outcomes (23), the current study
supports the findings of previous research addressing to loneliness and
physical activity, in which no association was found between both variables
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(23) (24). Furthermore, in line with studies in older adults (25 28) but in
contrast to Plotnikoff et al. (14), participants without a partner were more
likely to report lower physical activity than those with a partner. The
outcomes of the current study support the findings of previous studies in
patients with type 2 diabetes, which showed that women (11; 12; 14) and
elderly people (8; 10 12; 14) were less likely to be physically active,
associations that have been consistently demonstrated in the general
population (6; 7). However, other studies in adults with type 2 diabetes did
not find differences between sexes (8; 10; 11; 13; 15) or across age groups (13;
15).
Furthermore, higher BMI was associated with physical inactivity.
Overweight is common in type 2 diabetes and an important barrier to
physical activity (6; 7). Two out of the five other studies that examined the
association of BMI and physical activity in patients with type 2 diabetes also
found a positive relationship. Two studies did not find an association due to
methodological restrictions (8; 11). Nor did Plotnikoff et al. detect an
association between BMI and physical activity in their static model (13).
However, in the longitudinal model covering a period of six months, persons
with a high BMI were more likely to become physically active, which may be
a temporary effect of the first assessment which increased their motivation to
change their behavior, especially in newly diagnosed patients.
The strengths of this study are the large number of diabetes patients included
and, the study of psychological variables in the real world setting of diabetes
care. However, this study also has some limitations. Due to its cross sectional
design, no causal relationships could be determined between physical
inactivity and the hypothesized determinants. Longitudinal data are needed
to test the causality of the associations found in the multiple regression
model. Another limitation involved the self reporting of physical activity.
The single item by which physical activity was assessed was phrased in
general terms and did not include information about intensity, which
probably encouraged overestimation. Furthermore, the current study did not
account for physical limitations, which are often present in type 2 diabetes
patients and may impose physical inactivity (10; 13).
Understanding the role of physical, psychosocial, and environmental factors
related to physical activity is important to obtain profiles of people who may
be at risk of physical inactivity, or more likely to give up physical activity.
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Type D personality is related to
physical inactivity and depression in
adults with type 2 diabetes





Aims/hypothesis: The aim of this study was to examine (a) the prevalence of
the distressed or Type D personality (high negative affectivity and social
inhibition) in a type 2 diabetes population, and (b) the effect of the Type D
personality on both physical inactivity and depression as diabetic risk factors.
Methods: 2556 primary care type 2 diabetes patients were assessed on Type D
personality, physical inactivity, presence of depression, demographics,
smoking status, and alcohol intake. A validation study was performed to
examine the internal validity and consistency of the Type D assessment
(DS14 questionnaire) in the diabetes population. Single and multiple
regression analyses (OR, 95% CI) were performed, with physical inactivity as
well as depression as the dependent variable.
Results: In all, 21% of the individuals with type 2 diabetes had a Type D
personality. After adjustment for sex, age, and lifestyle factors, Type D
individuals had increased likelihoods for physical inactivity (56%) compared
with non Type D individuals (47%); OR = 1.40, 95% CI 1.15 – 1.70, p<0.0001.
Type D individuals had a seven fold increased likelihood of experiencing
symptoms of depression (37% of cases) compared with non Type D
individuals (7%) when corrected for demographic and lifestyle factors; OR =
7.41, 95% CI 5.79 – 9.49, p<0.0001.
Conclusions/interpretation: It may be useful to identify Type D individuals in
diabetes practice, since Type D personality is associated with both depression
and physical inactivity. These individuals may be followed intensively to




Physical activity has proven to be effective in the prevention and disease
management of type 2 diabetes (1; 2). However, prevalence of physical
inactivity is high amongst individuals with type 2 diabetes, and long time
adherence to physical activity programs is low (1; 3). Therefore, it is
important to know the determinants of physical inactivity, in order to
identify individuals at risk. This knowledge can be used to indicate targets
for physical activity promotion in diabetes care practice and hence to increase
the effectiveness of physical activity interventions.
A large body of research is available concerning factors determining physical
activity, including demographic, environmental, lifestyle, and psychosocial
factors (4; 5). One of the psychosocial factors shown to be related to physical
inactivity in the general population (6; 7), as well as in adults with type 2
diabetes, is the presence of depression (8). Another psychosocial factor that
has been studied in this light is personality. In their meta analysis on
personality determinants of physical activity, Rhodes and Smith identified
extraversion and conscientiousness as positive correlates, while neuroticism
was shown to be a negative correlate (9).
A personality trait that has been the focus of increasing attention in the
context of cardiovascular disease is the Type D personality. This is a
distressed personality and is defined as the tendency to experience increased
negative emotions (negative affectivity) paired with a lack of expression of
these emotions in social interactions (social inhibition) (10). Previous studies
on this concept concerned several cardiovascular conditions, since
psychologic stress has been shown to be a risk factor for these diseases (11;
12). The prevalence of Type D personality ranged between 24% and 34%
(coronary artery disease), and 33 – 53% (hypertension, peripheral arterial
disease, and chronic heart failure) (13). Type D individuals showed an
inadequate response to cardiac treatment and had an increased risk of
morbidity and mortality (12).
However, no studies to date have examined the Type D personality construct
in the context of diabetes. This is an important issue since type 2 diabetes
patients have an increased risk of cardiovascular disease (14; 15). In clinical
practice, a Type D personality may manifest in poor consultation behavior,
and hence poor self management, due to the tendency of Type D individuals
to inhibit self expression in social interactions (16). Self management is an
essential element in the management of type 2 diabetes and concerns the use
of medication as well as lifestyle interventions, such as diet and physical
activity (8). Furthermore, the Type D personality has been shown to be
related to depression (10; 17), which is significantly more prevalent in
persons with type 2 diabetes than in the general population (18; 19), and is
also related to poor self management (20 22).
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Since this is the first study to examine Type D personality in persons with
type 2 diabetes, the aim of the present study was twofold. First, to examine
the validity and prevalence of Type D personality in persons with type 2
diabetes. Second, to examine the effect of Type D personality on physical
inactivity and depression as major diabetic risk factors.
METHODS
Subjects
Between January and April 2006, a population of 3300 individuals with type
2 diabetes in the Eindhoven region, the Netherlands, was invited during
regular diabetes check ups by their nurse practitioner to join an ongoing
diabetes management project called ‘DIAZOB’. The for this purpose
assembled cohort will be followed during their lifetime and will be
periodically assessed for biological parameters and demographic,
psychosocial, and lifestyle parameters in a patient survey. All participants
gave written informed consent. After exclusion of records due to missing
data, 2556 participants were included in the final analysis (response rate after
exclusion: 77%).
Clinical characteristics
Assessed demographic variables included sex, age, marital status, and
education level. The clinical characteristics included HbA1c level (%), and the
lifestyle factors included smoking status and alcohol intake. All variables
were patient reported, except for HbA1c values, which were measured at the
Diagnostic Centre Eindhoven, the Netherlands, a primary care diagnostic
institute.
Type D personality
Type D personality was assessed using the Type D Scale 14 (DS14) (12). This
questionnaire consists of 14 items which are scored on a five point Likert
scale ranging from 0 = ‘false’ to 4 = ‘true’. The DS14 comprises two scales, one
measuring levels of negative affectivity (NA) and one measuring levels of
social inhibition (SI). Subjects who score a minimum of 10 points on both
scales are indicated to have a Type D personality.
Physical activity and depression
Physical activity was assessed by one item. The nurse practitioner asked the
patient how many hours per week they spend on ‘active’ physical activity
(walking, cycling, stair climbing, gardening, etc., other than sports). Answer
categories were ‘never’, ‘1 2 hours’, ‘>2 4 hours’, ‘>4 6 hours’, and ‘>6 hours’
per week. Physical activity was dichotomized with a cut off point at 4 hours
of physical activity per week.
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Depressive symptoms were assessed using a validated Dutch version of the
Edinburgh Depression Scale (EDS) (23 25). This is an 10 item self rating scale
in which each item is scored on a four point Likert scale. Total scores can
vary between 0 and 30 points, with a score of over 11 points indicating the
presence of depression. Cut off for depression was therefore set at an EDS
score of 11 points.
Statistical analyses
Factor analysis and reliability analyses were performed to examine the
internal validity and internal consistency of the DS14 in the type 2 diabetes
population. T test and chi square statistics were used to indicate differences
in demographics, depression, and lifestyle factors in individuals with and
without a Type D personality. Single logistic regression analysis [odds ratios
(ORs), 95% confidence intervals (CIs)] was used to assess the impact of the
Type D personality on physical inactivity and depression. In the multiple
logistic regression analysis, the impact of the Type D personality on
depression and physical inactivity was adjusted separately for age, sex,
smoking status, and alcohol intake (enter method). All variables were
simultaneously entered in the multiple analysis. A value of p< 0.05 was
considered to be statistically significant. All statistical analyses were
performed using the SPSS version 14.0 for Windows.
RESULTS
Assessment of Type D personality
Internal validity of the negative affectivity and social inhibition items was
determined by a factor analysis (n = 2556). Conforming the Type D
personality model, two components were found (NA, eigenvalue = 6.15; SI,
eigenvalue = 1.77) which explained 57% of the variance (see table 1). Factor
loadings of the NA and SI items corresponded to their trait factor and ranged
between .64 and .79 for NA items, and between .49 and .77 for SI items.
Internal consistency was high, with a Cronbach’s alpha of 0.87 for the NA
scale and 0.83 for the SI scale, and corrected item total correlations ranging
between 0.50 and 0.76 (NA), and between 0.35 and 0.69 (SI).
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Table 1. Factor structure and internal consistency of the DS14 (n = 2556)
Items of the DS14 Factor analysis Internal
consistency**
Factor I Factor II
Negative Affectivity
(2) I often make a fuss about
unimportant things
0.64 0.50
(4) I often feel unhappy 0.74 0.15 0.66
(5) I am often irritated 0.74 0.12 0.64
(7) I take a gloomy view of things 0.78 0.23 0.73
(9) I am often in a bad mood 0.71 0.25 0.65
(12) I often find myself worrying
about something
0.73 0.19 0.68
(13) I am often down in the dumps 0.79 0.25 0.76
Eigenvalue I = 6.15 = 0.87
Social Inhibition
(1) I make contact easily when I
meet people *
0.77 0.55
(3) I often talk to strangers * 0.17 0.69 0.35
(6) I often feel inhibited in social
interactions
0.55 0.49 0.58
(8) I find it hard to start a
conversation
0.39 0.66 0.66
(10) I am a closed kind of person 0.35 0.63 0.63
(11) I would rather keep other
people at a distance
0.38 0.63 0.62
(14) When socializing, I don’t find
the right things to talk about
0.40 0.67 0.69
Eigenvalue II = 1.77 = 0.83
* Reversed keyed
**Corrected item total correlations
Factor loadings are presented in bold
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Table 2 shows the characteristics of the respondents as a function of Type D
personality. In all, 21% of the respondents had a Type D personality (n = 531).
A significantly higher proportion of this group was female (p < 0.0001) and
had a lower level of education (p < 0.0001) than the non Type D group.
Furthermore, significantly more non Type D persons (5.9% vs. 3.6%)
consumed more than 14 alcoholic beverages per week (p = 0.037). No
differences were found in smoking status (14.3% vs. 12.1%, p = 0.181).








N (%) N (%)
Demographic
features
Female sex 979 (48.3) 305 (57.4) P <
0.0001*
Age (mean, SD) 67.8 (10.1) 66.7 (11.0) 0.146
< 50 92 (4.5) 34 (6.4) 0.243
50 59 400 (19.8) 114 (21.5)
60 69 669 (33.0) 172 (32.4)
70 80 675 (33.3) 158 (29.8)
> 80 189 (9.3) 53 (10.0)
Educational level P <
0.0001*
Low 1196 (59.1) 370 (69.8)
Middle 531 (26.2) 101 (19.0)
High 227 (11.2) 41 (7.8)
Academic 71 (3.5) 19 (3.4)
Marital status 0.109
With partner 1509 (74.5) 375 (70.6)
Divorced 47 (2.3) 19 (3.6)
Single 156 (7.7) 56 (10.5)
Widow(er) 313 (15.5) 81 (15.3)
Glycemic control
HbA1c (mean, SD) 6.7 (0.8) 6.7 (0.7) 0.094
* significant difference between groups (chi square)
** significant difference between groups (t test)
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Type D, physical inactivity, and depression
Figure 1 depicts the prevalence of physical inactivity and depression in Type
D individuals and non Type D individuals. With 56% of them performing a
maximum of four hours of physical activity per week, individuals with a
Type D personality were significantly less physically active than non Type D
individuals, of which 47% performed active physical activity for a maximum
of four hours per week (unadjusted OR = 1.43, 95% CI 1.18 – 1.74, p < 0.0001).
It was noteworthy that depression was much higher in Type D individuals
(37%) than non Type D individuals (7%) (unadjusted OR = 7.65, 95% CI 5.99
– 9.76, p < 0.0001).
Figure 1: Prevalence of physical inactivity and depression in Type D
versus non Type D patients (n = 2556)
Multiple logistic regression analysis
Multiple logistic regression analyses were used to examine the independent
effect of the Type D personality on both physical inactivity and depression,
after adjustment for sex, age, smoking status, and alcohol intake (Table 3).
These analyses indicated that the Type D personality was independently
associated with an increased likelihood of physical inactivity (OR = 1.40).
Other significant attributors to physical inactivity were female sex (OR = 1.50)
and age (OR = 1.01). Type D personality was associated with a seven fold
increased likelihood of depression (OR = 7.41), after adjustment for other risk
factors. Female sex (OR = 1.64), smoking (OR = 1.79), and alcohol intake (OR





















Table 3: Multiple logistic regression analyses
Physical
inactivity
P value Depression P value
OR (95% CI) OR (95% CI)





























Significant odds ratio’s are presented in bold
DISCUSSION
This is the first study to investigate the Type D personality in individuals
with type 2 diabetes, as well as the first study to examine the association
between the Type D personality and physical inactivity. In line with previous
research, female sex was a predictor for both depression (18; 19) and physical
inactivity (5; 26). As expected, age was a factor related to physical inactivity
(4; 5). Smoking status was associated only with depression, but not with
physical inactivity. Type D individuals had a 1.4 likelihood of being
physically inactive and a 7.4 likelihood of being depressed, compared with
non Type D individuals. Previous studies showed a similar association with
depression (27). These findings suggest a potential role of the Type D
personality in the context of diabetes. The assessment of the Type D
personality with the DS14 showed a high level of internal validity and
internal consistency in the present study. Hence, the DS14 may be an
appropriate instrument to measure negative affectivity, social inhibition, and
Type D personality in individuals with type 2 diabetes. The internal
consistency of the NA and SI scales was comparable to previous validation
studies of the DS14 in cardiac patients (12). A total of 21% of the respondents
had a Type D personality, which is comparable to the prevalence found in
the general population (12), but lower than that observed in populations with




In diabetes consultation, it may be useful to identify the Type D personality
for two reasons. First, Type D individuals are at risk for clustering of
psychosocial risk factors, such as depression, stress, and anxiety, which are
also related to type 2 diabetes (30 32). Second, the presence of Type D
personality may influence treatment by affecting the patient’s perception and
experience of diabetes and the patient s way of coping with the disease and
its treatment. Type D individuals may experience the disease as being more
disabling than non Type D individuals, but they are less likely to express
these symptoms and health concerns during consultation, which may hinder
the patient provider interaction (16). Both clustering of psychological risk
factors (8; 33) and poor consultation behavior (16) may negatively influence
the self management performance and adherence to treatment. As a result,
Type D individuals are less likely to respond well to treatment and are at risk
for adverse health outcomes (16). It is therefore important to investigate
whether careful and intensive monitoring of Type D individuals could help
them to respond adequately to signs of psychosocial problems and may
improve their self management and adherence.
In the case of physical activity intervention, type 2 diabetes patients with a
Type D personality may benefit from a more phased approach in which the
individual has to gain confidence in his/her own abilities to exercise and
become aware of the positive effects of physical activity before the physical
activity is intensified. Thereby, regular feedback and support are of great
importance to tackle possible barriers or negative experiences in Type D
individuals.
Screening for the Type D personality may be useful since Type D is a broad
and stable personality trait with great explanatory and predictive power (27),
and is independently associated with a markedly increased risk of depressive
symptoms. Curiously, though, the study of Fisher et al. (33), who assessed
depression in type 2 diabetes patients, showed that most of the patients
experiencing high levels of psychological distress were not clinically
depressed. The authors stated that it may be more important to understand
the impact of distress on poor behavioral disease management and its
associated personal, disease related, and social factors, rather than to identify
depression. The DS14 is an easy to use assessment tool and therefore feasible
in clinical practice. Hence, treatment interventions should be aimed at coping
and problem solving (33).
Strengths and limitations
This study has some limitations. First, non responders and excluded patients
might be more likely to have a Type D personality, which may limit the
generalizability of the study outcomes. Second, due to the cross sectional
design of the study, no causal associations between the Type D personality
and physical inactivity could be determined, nor could the possible
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mediating role of depression in the association between the Type D
personality and physical inactivity be studied. Third, physical activity was
self reported and scored in only one item. It encompassed a limited set of
activities and did not include information about intensity, which may have
led to an overestimation of physical activity. The strengths of this study are
the large number of diabetes patients included, the study of psychological
variables in the real world setting of diabetes care, and the standard
assessment of the Type D personality.
Conclusions
In conclusion, the findings of this study show that having a Type D
personality increases the likelihood of physical inactivity as well as
depression in persons with type 2 diabetes. Since this is the first study to
examine the Type D personality in individuals with type 2 diabetes, future
studies should replicate our findings for a more accurate overview of the
prevalence of Type D in this patient group. Furthermore, in examining the
relationship between the Type D personality and physical inactivity, a
longitudinal design should be applied. The presence of depression may be
included as a possible mediator in this association. Finally, since Type D
individuals score high on social inhibition, future research could focus on the
role of social support in encouraging physical activity in these patients. The
present findings suggest that it may be useful to screen patients for Type D
personality in diabetes consultation to identify persons at risk for clustering
of psychosocial risk factors, poor self management, and unsuccessful
treatment outcome. Diabetes patients with a Type D personality may need a
more intensive approach and support in becoming physical active and
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Type D personality and partner
status in relation to physical
inactivity and depression in patients
with type 2 diabetes






Objective: The aim of this study was to test whether Type D personality
(tendency to experience emotional distress and inhibit expression of these
emotions) and partner status have a synergistic effect on both physical
inactivity and depression.
Research design and methods: 2556 primary care type 2 diabetes patients were
stratified based on Type D personality, as assessed by the DS14 scale, and
partner status, and group differences were examined according to
demographics, physical inactivity, presence of depression, demographics,
smoking status, and alcohol intake. Single and multiple logistic regression
analyses (OR, 95% CI) were performed with physical inactivity as well as
depression as the dependent variable and with the non Type D respondents
with a partner set as a reference group.
Results: In all, 21% of the individuals with type 2 diabetes had a Type D
personality. Type D individuals without (OR = 2.04, 95% CI 1.44 – 2.88) and
with a partner (OR = 1.35, 95% CI 1.08 – 1.70), and non Type D individuals
without a partner (OR = 1.30, 95% CI 1.05 – 1.60) had an increased likelihood
for physical inactivity compared with non Type D individuals with a partner,
when corrected for sex, age, and lifestyle factors. Furthermore, Type D
individuals with (OR = 6.52, 95% CI 4.82 – 8.78), and without a partner (OR =
11.70, 95% CI 7.96 – 17.18) had an increased likelihood of depression.
Conclusions: Having a Type D personality and being without a partner





Type 2 diabetes is a complex chronic disease with high co morbidity. Disease
control aims at achieving and maintaining glycemic control, and reducing
cardiovascular risk factors in order to prevent or delay vascular and neural
complications. Glycemic control largely depends on lifestyle habits.
Therefore, a major appeal is placed on diabetes patients’ self management
capabilities (1), which has a great impact on the patients’ daily life (2). One of
the most important health behaviors in diabetes management is regular
physical activity. Regular physical activity improves glycemic control and
physical fitness is inversely related with morbidity and mortality in
individuals with type 2 diabetes (3). Since it is such a major aspect of diabetes
treatment, it may be useful to identify individuals at risk for poor lifestyle
and poor self management, and hence, poor health outcome. Understanding
the determinants and underlying mechanisms of poor self management
behaviors may provide keys to intervention for patients at risk. These
determinants consist of a complex interplay between social, mental and
behavioral factors (4 6), which are often related to chronic diseases in general,
like diabetes (4; 5; 7).
An example of these psychosocial factors is depression (4; 5; 8), which is
significantly more prevalent in type 2 diabetes patients than in the general
population (9). Depression is related to poor self care behaviors, mortality,
and increased health costs in individuals with type 2 diabetes (10).
In cardiovascular disease, a relatively new personality trait has also been
studied which identifies patients who are prone to clustering psychological
risk factors, such as depression (11). Subjects with this so called distressed or
Type D personality have high levels of both negative affect (i.e. tendency to
experience negative emotions across time and situations) (12), and social
inhibition (i.e. tendency to inhibit expression of emotions and behaviors in
social interactions to avoid disapproval) (13). This tendency to inhibit
behavior in social interaction may hamper self management, since it may be
a barrier in health care provider patient communication. Moreover, low
self esteem and a lack of motivation are common in people with type D
personality, which may also be a barrier to improved diabetes management.
However, in the scope of health and disease another factor may play a role,
namely partner status. Several studies showed associations between having a
partner and health status, and having a partner and lower mortality. For
example, Manzoli et al. (2007) performed a meta analysis on the effects of
marital status on mortality, in a population of more than 250,000 elderly
people. They found that marriage or support of a spouse significantly and
independently reduced the risk of mortality with 9 to 15% (14). Furthermore,
Schoenborn et al. (2004), showed in a U.S. population of 127,545 adults that




Two theories have been advocated to explain these associations. The
marriage protection or social causation theory, proposes that marriage brings
along some beneficial effects as in economic, psychological, and social
support, whereas the marriage selection theory proposes that healthier
individuals are more likely to marry and stay married, while less healthy
people either never get married or are more likely to become divorced or
widowed (14 16).
In previous research, social support consistently showed to be an important
behavioral correlate of physical activity (17; 18). The spouse is one of the
natural sources of social support in individuals (19). In line with the marriage
protection theory, having a partner, if the relationship is satisfying, may have
a protective effect on the negative influence of Type D on health outcomes,
such as physical inactivity or depression (20). Therefore, the aim of this study
was to test whether type D personality and being without a partner have a
synergistic effect on both physical inactivity and depression in adults with
type 2 diabetes mellitus.
RESEARCH DESIGN ANDMETHODS
Subjects
Between January and April 2006, in total 3300 individuals with type 2
diabetes, derived from 100 general practitioners in the Eindhoven region, the
Netherlands were invited during their regular diabetes check ups by their
nurse practitioner to join an ongoing diabetes management project called
‘DIAZOB’. Individuals in this cohort will be followed during their lifetime
and will be periodically assessed for biological parameters and demographic,
psychosocial, and lifestyle parameters in a patient survey. After exclusion of
responders who gave no informed consent, and after excluding records due
to missing data, 2556 participants were included in the final analysis
(response rate after exclusion: 77%).
Clinical characteristics
Demographic variables included sex, age, marital status, and education level.
The clinical characteristics included HbA1c level (%), and the lifestyle factors
included smoking status, and alcohol intake. All variables were patient
reported, except for HbA1c values, which were measured at the Diagnostic
Centre Eindhoven, the Netherlands, a primary care diagnostic institute.
Type D personality and partner status
Type D personality was assessed using the Type D Scale 14 (DS14) (11). This
questionnaire consists of 14 items which are scored on a five point Likert
scale ranging from 0 = ‘false’ to 4 = ‘true’. The DS14 comprises two scales, one
measuring levels of negative affectivity (NA) and one measuring levels of
social inhibition (SI). Subjects who score a minimum of 10 points on both
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scales are indicated to have a Type D personality. Previous findings showed
adequate internal validity and internal consistency of the DS14, with a
Cronbach ‘s alpha of 0.88 (NA) and 0.86 (SI), respectively (11). Current
marital status was assessed by asking the respondent what applicable to
them. Answer categories included: ‘having a partner’, ‘being single’, ‘being
divorced/separated’, ‘being widowed’. In the analyses, marital status was
dichotomized as having a partner and having no partner.
Physical activity and depression
Physical activity was assessed during a nurse led interview. The nurse
practitioner asked the patient how many hours per week they spend on
‘active’ physical activity (walking, cycling, stair climbing, gardening, etcetera,
other than sports). Answer categories were ‘never’, ‘1 2 hours’, ‘>2 4 hours’,
‘>4 6 hours’, and ‘>6 hours’ per week. Physical activity scores were
dichotomized using a cut off point at > 4 hours of physical activity per week.
Depressive symptoms were assessed using the validated Dutch version of the
Edinburgh Depression Scale (EDS) (21 23). This is a 10 item self rating scale
in which each item is scored on a four point Likert scale. Total scores can
vary between 0 and 30 points, with a score of over 11 points indicating the
presence of depression. In the present study, cut off for depression was
therefore set at an EDS score of more than 11 points.
Statistical analyses
Respondents were stratified based on Type D personality and partner status
(with or without partner). Preliminary analysis (chi square statistics) did not
show any differences within the group without partner (including currently
single, divorced, and widowed individuals) concerning prevalence of Type D
(singles: 26%, divorced: 27%, widowed: 21%, p = 0.183), depression (singles:
18%, divorced: 24%, widowed:17%, p = 0.336), or physical inactivity (singles:
53%, divorced: 55%, widowed 57%, p = 0.655). ANOVA (continuous
variables) and chi square statistics (categorical variables) were used to
indicate differences in demographics, HbA1c levels, depression, and lifestyle
factors between the four groups.
Chi square statistics were used to detect difference in prevalence of physical
inactivity and depression between non Type D individuals with and without
partner, and Type D individuals with and without partner. Single logistic
regression analysis [odds ratios (ORs), 95% confidence intervals (CIs)] was
used to assess the association between combined Type D personality and
partner status, sex, age, smoking status, and alcohol use, respectively, and
both dependent variables physical inactivity and depression. Those with a
partner were used as the reference group. In the multiple logistic regression
analysis the association between combined Type D personality and partner




for age, sex, smoking status and alcohol intake (enter method). A value of p<
0.05 was considered to be statistically significant. All statistical analyses were
performed using the SPSS version 14.0 for Windows.
RESULTS
Table 1 shows the characteristics of the respondents. Some 21% of the
respondents had a Type D personality (n = 531). Furthermore, 26% of the
respondents had no partner (n = 672). There were no significant differences
between Type D and non Type D individuals regarding partner status (29%
versus 26% had no partner). Significant differences between groups were
found for sex (p < 0.0001), with women being the most represented in the
group Type D/no partner (70%). Individuals without a partner were
significantly older than persons with a partner (p <0.0001). Furthermore,
significant between group differences were found in educational level (p
<0.0001) with the Type D/no partner group having the lowest education level.
The level of alcohol consumption was significantly higher in the non Type D
individuals with a partner, compared to the other groups. No significant
between group differences were found in HbA1c levels, and smoking status
(table 1).
Figure 1 shows the prevalence of physical inactivity and depression in all
four groups stratified on Type D personality and partner status. Significant
differences in physical activity were found between groups (p < 0.0001), with
Type D individuals without a partner being the most physical inactive (65%).
In addition, presence of depression was also significantly different between
the groups (p < 0.0001), with individuals in the two Type D groups being
more often depressed (with partner 33 %, without partner 48%, respectively)
compared to the non Type D individuals (with partner 7%, without partner
9%). Individuals without a partner had a significantly higher prevalence of
physical inactivity (non Type D: p < 0.0001, Type D: p = 0.01) compared to
their counterparts with a partner, and Type D individuals without a partner
had a significant higher prevalence of depression compared to Type D



































































































































































































































































































































































































































































































































Unadjusted analyses of the effect of Type D, and partner status separately,
resulted in significantly increased likelihoods for both physical inactivity [OR
= 1.43, 95% CI 1.18 – 1.74 (Type D), and OR = 1.53, 95% CI 1.28 – 1.82 (having
no partner), respectively], and depression (OR = 7.65, 95% CI 5.99 – 9.76, and
OR = 1.65, 95% CI 1.30 – 2.11,
respectively).
Figure 1: Prevalence of depression and physical inactivity in groups



























Table 2 shows the single logistic regression analyses including the combined
Type D/partner status groups, with non Type D individuals with a partner
being the reference group. Subjects of the Type D/no partner group (OR =
2.28), the Type D/with partner group (OR 1.39), and the non Type D/no
partner group (OR = 1.53) were significantly more physically inactive than
non Type D individuals with a partner. Other significant attributors to
physical inactivity were female sex (OR = 1.57), and higher age (OR = 1.01).
Furthermore, Type D individuals with (OR = 6.78), and without a partner
(OR = 13.19) were significantly more often depressed. Female sex (OR = 1.87),
smoking (OR = 1.66), and alcohol intake (OR = 0.34) were also significantly
associated with depression.







OR (95% CI) OR (95%
CI)
Non Type D/partner 1.00 1.00







































Bold depicted Odds Ratios are significant
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Multiple logistic regression analyses are shown in table 3, in which the
combined effect of Type D and partner status on both physical inactivity and
depression is accounted for sex, age, smoking status, and alcohol intake.
Having a Type D personality and being with a partner (OR = 1.35), or
without partner (OR = 2.04), and being non Type D without a partner (OR =
1.30), and female sex (OR = 1.40) were significantly associated with physical
inactivity. In addition, Type D patients with a partner (OR = 6.51), and
without a partner (OR = 11.70) had a significantly increased likelihood for
depression. Other factors significant related to depression were female sex
(OR = 1.57), alcohol intake (OR = 0.43), and smoking (OR = 1.74).
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This study tested whether Type D personality and being without a partner
have synergistic effects on both physical inactivity and depression in
individuals with type 2 diabetes mellitus. In all, 21% of the respondents had a
Type D personality, and 26% had no partner. Being without a partner was, as
may be expected in a sample of predominantly older adults, related to older
age, and female sex. However, it was not related to Type D personality. No
differences were found in prevalence of Type D personality, depression and
physical inactivity within the group without a partner (single, divorced,
widowed), which is in accordance with the findings of the meta analysis of
Manzoli et al. (2007) (14).
When comparing respondents based on stratification of Type D personality
and partner status (being with or without partner), significant differences in
the prevalence of physical inactivity and depression were found between
Type D individuals and non Type D individuals, and within both groups
between individuals with and without a partner, except for the prevalence in
depression within the two non Type D groups.
Type D individuals without a partner had a twofold likelihood of being
physically inactive compared to non Type D individuals with a partner. The
single effects of having a Type D personality and being without a partner
were similar. The positive effect of having a partner on physical activity has
also been found in several other studies (24 26). These studies showed that
the exercise status of both partners was positively related. Furthermore,
married people were not only more likely to participate in exercise, but had
also higher levels of physical activity (including low intensity activities such
as gardening, walking) (24). Both above mentioned effects yielded especially
for married women. As consistently shown in previous research, female sex
was negatively associated with physical activity (17; 18).
The association of older age with physical inactivity was washed out in the
multivariate model, probably by the fact that widow(er)s are highly
represented in this group. Type D individuals with and without a partner
had respectively an eightfold and a fifteen fold risk to be depressed
compared to non Type D individuals with a partner, indicating that on top of
the effect of having a Type D personality, being without a partner almost
doubles the risk of being depressed. These rates are much higher than the
ones found in a study of van den Broek et al. (2007), including a sample of
cardiac patients, in which Type D patients with and without a partner had a
fourfold and sevenfold risk, respectively of being depressed, compared to
non Type D’s with a partner (20). Female sex (9; 27), and smoking status (28)




When translating these findings into practice, it seems to be important to
identify Type D individuals during diabetes consultation, especially those
without a partner, since they may be highly at risk for depression as well as
physical inactivity. These individuals may benefit from social support in
performing lifestyle and self management activities, in order to achieve
positive health outcomes. However, in Type D individuals, social inhibition
may lead to a small social network, and therewith decreased perceived social
support (29). Herpetz et al. (2000), found that diabetes patients perceived
their primary care provider as the most important source of psychosocial
support second to their relatives (30). Therefore, diabetes care providers may
be an important source of social support in adopting and maintaining
healthy behaviors, such as physical activity. Furthermore, it may be useful
for diabetes care providers to assess the social ties of Type D patients and try
to involve them in self management education and activities (4). In case of
physical activity, Type D patients without a partner may benefit from
supervised group exercise training. In this situation, the exercise trainer, and
fellow group members (diabetes patients) may stimulate the Type D patient
to become and maintain physical active. However, they may initially have to
overcome the barrier of social interaction in a group situation.
Strengths and limitations
The strengths of this study are the large number of diabetes patients
included, allowing for powerful subgroup analyses and the standardized and
valid assessment of psychological variables, in a real world setting of
diabetes care. This study has some limitations as well. First, non responders
and excluded patients might be more likely to have a Type D personality,
which may limit the generalizability of the study outcomes. Second, due to
the cross sectional data, no causal associations between the Type D
personality and physical inactivity could be determined. Third, physical
activity was self reported and scored in only one item. It encompassed a
limited set of activities and did not include information about intensity,
which may have led to an overestimation of physical activity. Fourth, only
current marital status was assessed, while marital history may also influence
health outcomes (15). Finally, no information was assessed on the quality of
relationships, which is an important factor, since social ties may have both




In conclusion, the findings of this study indicate a positive effect of having a
partner with regard to depression and physical activity, especially in Type D
individuals, who already have a greater likelihood for negative health
outcome. This may be the result of social and economic support or selection,
or a combination of both, and may be the result of better health behaviors
found in married individuals (14). Future research should replicate our
findings, since this is the first study to examine the combined effect of Type
D personality and partner status on physical inactivity and depression. To
further examine the combined effect of personality and partner status, a
longitudinal design should be applied. Overall, the present findings suggest
that in diabetes consultation, it may be important to identify Type D patients
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Physical activity is one of the key strategies in the prevention and delay of
complications in diabetes management. Although there is a large body of
evidence available about the benefits of physical activity it is still
underutilized in diabetes care (1; 2). In addition, the prevalence of physical
inactivity in patients with type 2 diabetes is high. In order to counteract
physical inactivity in patients with type 2 diabetes, it is timely to study its
determinants. The present thesis was therefore aimed to identify factors
related to physical inactivity, thereby investigating a set of psychosocial
factors.
BENEFITS OF PHYSICAL ACTIVITY IN DIABETES MANAGEMENT
Some of the findings of the meta analysis on the effects of structured exercise
interventions on diabetes outcomes indicate clinical significant risk reduction
of complications and mortality. The effects of the two aerobic exercise
modalities on HbA1c, concurred with that of intensive medical treatment (3).
Findings of the UK Prospective Diabetes Study (UKPDS) have shown that
reductions in HbA1c and blood pressure as obtained by the two aerobic
exercise modalities (HbA1c), and the combined exercise modality (blood
pressure), respectively, induce significant risk reduction in all diabetes
related end points (4). Additionally, the effects of aerobic exercise on VO2
max accounts for important risk reduction in overall mortality (5). In the
meta analysis, none of the three modalities clearly excelled. The interventions
included in the meta analysis required high levels of supervision and specific
equipment, and were performed in small groups of probably highly
motivated individuals. Information about the long term adherence to these
interventions is scarce. The feasibility for real world settings can therefore be
questioned.
PSYCHOSOCIAL FACTORS IN THE DIAZOB STUDY
The cohort (n = 3300) of patients with type 2 diabetes as described in this
thesis is a predominantly Caucasian, non urban population, with a mean age
of 67.7 10.5 years and roughly equal sex distribution. Level of education
was generally low, and the majority of people lived with a partner. The mean
HbA1c of the participants was 6.7 0.7%, the mean BMI was 29.6 4.6, and
14.9% of the participants smoked.
Depression in patients with type 2 diabetes
The prevalence of depression in insulin naïve patients with type 2 diabetes (n
= 1269) was 11%, which was lower compared to the rates found in
community and primary care samples in Dutch studies (ranging from 17% to
29%) (6 9) as well as international studies (pooled mean 17%) (10). One of the
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most important factors in the etiology of depression in patients with diabetes
may be the presence of diabetes related complications. However, insulin
naïve patients with vascular co morbidities were not more depressed
compared to those without vascular co morbidities. Nonetheless, the
multiple regression analyses showed that having two or more vascular co
morbidities approximately doubled the likelihood of depression compared to
having diabetes only. Analyses for each specific vascular co morbidity
separately showed that this increased likelihood of depression yielded for
almost all vascular co morbidities in combination with coexisting vascular co
morbidities, but especially for the presence of coronary heart disease and
neuropathic foot. Noticeably, no relationship was found between levels of
HbA1c and depression, which is in contrast with the findings of a recent meta
analysis (11). This might be due to the relative well managed glycemic
control of the relatively uncomplicated insulin naïve primary care sample,
although others did not find a relationship either. (7; 12; 13). In two of these
studies, rates and odds of depression were significantly increased in
individuals with diagnosed type 2 diabetes compared to non diabetic
subjects, but not in individuals with undiagnosed type 2 diabetes (7; 13). This
may indicate that the increased prevalence of depression in patients with
type 2 diabetes may be related to the burden of the disease reflected by
presence of co morbidities and the awareness of having a serious disease.
Conversely, presence of depression may also increase the risk of poor health
outcome in patients with type 2 diabetes. Black et al. (2003), performed a
prospective, longitudinal study over a time span of five years, in older adults
with type 2 diabetes. They found that presence of depression was an
important predictor of greater incidence of both disability in activities of
daily living and vascular complications, as well as greater mortality (14).
Type D personality in patients with type 2 diabetes
Distressed or Type D patients score high on both negative affectivity (i.e. the
tendency to experience negative emotions across time and situations) and
social inhibition (i.e. the tendency to inhibit expression of emotions and
behaviors in social interactions to avoid disapproval) (15). They have a
predisposition for clustering psychological factors, such as depression, and
for adverse health outcome. Furthermore, the accompanying social inhibition
may often be related to experiences of social alienation (16). About twenty
one percent of the patients in the cohort had a Type D personality. This
proportion was comparable to the prevalence shown in the general




Relationship between Type D and depression
Patients with a Type D personality had a sevenfold likelihood to experience
depressive symptoms compared to non Type D patients. When closely
studying depression within Type D patients stratified by partner status, Type
D patients without a partner even had a thirteen fold risk to experience
depressive symptoms compared to non Type D patients with a partner.
These results indicate a possible protective effect of having a partner,
therewith to some extent counteracting the negative impact of Type D
personality. In chapter 3, low levels of social support were also related to
depression, although this relationship may be bi directional. The results of
the study in chapter 6, however, show that social support may be particularly
important for mental health in individuals with a Type D personality, since
prevalence of depression did not differ between non Type D individuals
with and without a partner.
PHYSICAL INACTIVITY AND ITS RELATED FACTORS IN THE
DIAZOB STUDY
About 48% of patients in the cohort (43% of the males, 53% of the females)
were physically inactive (e.g. performed less than four hours of ‘active’
physical activities per week). Similar to findings in the general population,
physical inactivity was related to older age, being female, being without a
partner and having a high BMI. Participants who experienced depressive
symptoms had a 1.7 fold likelihood of physical inactivity, which corresponds
with the results of previous studies in patients with type 2 diabetes (18; 19),
and in the general population (20). Various characteristics of depression such
as lack of motivation, low self esteem, having difficulty with problem
solving and feelings of helplessness and hopelessness, together with the
withdrawal from social contacts, make it difficult to initiate, adopt to and
maintain physical activity (20). Vickers et al. (2006) showed that especially
individuals with higher levels of depressive symptoms are less likely to use
relapse prevention behaviors, which makes them to give up easily(21).
Patients with a Type D personality had a 1.4 fold likelihood for physical
inactivity. When specified to partner status, Type D patients with a partner
had a 1.3 likelihood of being physically inactive compared to non Type D
patients with a partner. This likelihood was similar to that of non Type D
patients without a partner. Type D patients without a partner, however, had
a twofold likelihood for physical inactivity. Again, being with a partner
showed to have some protective effect, only now in Type D patients as well
in non Type D patients. Both studies, as described in chapter 5 and 6, add to
the hypothesis that Type D personality may partly affect health outcome
indirectly by influencing health related behaviors (physical activity), and
social support (16). In their study, Williams et al. showed in a population of
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healthy young adults that Type D individuals were less likely to engage in
health related behaviors compared to non Type D individuals. Furthermore,
Type D individuals reported lower levels of social support. Noticeably, both
findings remained significant after controlling for neuroticism. This stresses
the crucial combination of negative affect and social inhibition in the Type D
construct which often has been criticized as being just a synonym of
neuroticism (16). Additionally, Steptoe and Molloy (2007), already suggested
the importance of understanding the role of social context in defining the
influence of personality on health outcome (22).
MULTIPLE RISK ASSESSMENT IN DIABETES MANAGEMENT
Currently, diabetes management has a predominantly biomedical basis,
focusing on controlling biological factors such as HbA1c, blood pressure and
lipid profile. Overlooking the DIAZOB cohort as described in the present
thesis, it can be concluded that diabetes management in Dutch primary care
is quite effective in obtaining good glycemic control. On the other hand, the
management of lifestyle factors (physical activity, overweight, and smoking)
was relatively poor, as shown in of diabetes programs in both the
Netherlands and abroad (23). Furthermore, Dutch diabetes care standards do
not address to psychosocial factors, and for example depression is poorly
recognized and treated in patients with diabetes (24). However, focusing on
biophysiological, as well as psychosocial and behavioral processes of disease
and their interrelationship, may lead to better understanding of the
determinants and pathways of disease (25). Hence, when more attention is
paid to lifestyle behaviors such as physical activity, and psychosocial factors
in diabetes management, a considerable amount of morbidity, disability and
mortality may be prevented (26).
Multiple risk assessment is a useful tool to apply the knowledge of the
determinants of disease. Multiple risk assessment has several purposes in
clinical practice (27). First, high risk patients who need further assessment
and/or specific attention and intervention can be identified. For example, the
results of the present thesis showed that individuals with a Type D
personality, a depression, or without a partner are more likely to be physical
inactive. These psychosocial factors may be barriers to initiate and maintain
physical activity. Furthermore, several psychosocial factors are also
associated with inadequate health care utilization (28). Secondly, with this in
mind efforts needed for risk reduction intervention, such as physical activity,
can be modified based on the risk profile. Third, physical activity
interventions should be developed targeting specific groups and tailored to
the needs of these groups.
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The setting of primary diabetes care provides an important opportunity to
assess and address to multiple health risk factors (29). Physical activity,
depression, Type D personality and social support, can be easily assessed by
short, validated self report questionnaires, making it feasible to use in
primary diabetes care. Signs of depression and distress thereby may be easily
detected, while these detection rates are currently low (24). The
questionnaires may be preferably filled in and scored prior to clinical visit,
saving time during consultation and making it possible to directly address
the results (26). The use of self report questionnaires requires no extensive
training of the health care professionals involved, which increases the chance
of successful integration in routine care. Finally, multiple risk assessment
gives health care providers a clear starting point to provide their patients
information about their disease and its attributes and consequences, which
may help motivating patients to adjust and adhere to subsequent
intervention (27).
In addition, the longitudinal nature of primary care provides a venue to
promote physical activity and to provide assistance with making lifestyle
changes for a long period of time (30). The patients treated in primary care
have relatively uncomplicated diabetes and are diagnosed at an increasing
earlier age. Therefore, cardiovascular risk reduction in this group may
eventually induce large benefits in health and health related costs. Physical
activity promotion may be initiated shortly after diagnosis, since the
realization of a life long chronic disease has just set in, and potential impact
of the prevention program might be largest. Physical activity is pre
eminently an intervention that fits in a biopsychosocial approach of disease
since it addresses physical as well as emotional health (31). However, it may
be suggested that another approach to physical activity in diabetes care is
needed. In stead of developing interventions aiming at achieving the most
optimal (biological) effects on diabetes, as the exercise interventions
described in the meta analysis, more effort should be put in studies aiming at
developing effective strategies to initiate and maintain physical activity in
patients with type 2 diabetes, since these are currently limited (32).
CONCLUDING SUMMARY
In sum, the present thesis showed that physical activity is an important
modality in the prevention or delay of cardiovascular complications.
Furthermore, information was provided about the prevalence of depression
in Dutch, mainly Caucasian, patients with type 2 diabetes which was hardly
available, as well about the prevalence of Type D personality which was
previously unknown. It was shown that these psychosocial factors may play
an important role in physical inactivity in patients with type 2 diabetes, and




This indicates that diabetes management calls for a biopsychosocial
approach. Broadening diabetes management by including proper attention to
lifestyle behaviors such as physical activity and to psychosocial factors, in
terms of assessment, support and intervention, may prevent considerable
amount of morbidity, disability and mortality. Additionally, in counteracting
physical inactivity, interventions may therefore aim at initiating and
maintaining physical activity and should target specific risk groups and be
tailored to their needs.
STRENGTHS AND LIMITATIONS OF THE THESIS
This thesis has several strengths. First, the large study sample, which allows
for powerful subgroup analyses. Second, the composition of the cohort. The
patients with type 2 diabetes of 100 general practitioners, were asked to join
the study during regular diabetes check up based on solely the criteria of
being able to fill in the questionnaire. Therefore, the cohort that was
assembled can be regarded to adequately represent the primary care setting,
in which 80 90% of diabetes management takes place. Assessments, and
especially of psychosocial factors, in the real world setting of primary care
are important, since these are often performed in selective populations e.g.
from secondary care. Third, the broad range of variables assessed and used
in the analyses provides extensive information of the relative contribution of
demographics, psychosocial factors and lifestyle variables to physical
inactivity as well as to depression in patients with type 2 diabetes.
The findings presented in this thesis have to be interpreted with some
caution given the cross sectional design of the studies, which does not allow
for making inferences about causality or mediation. However, presence of a
strong association, of which many were found in this baseline assessment, is
a prerequisite to examine causality. Another limitation concerns the
assessment tools as applied in the present thesis. Physical activity was self
reported and scored by only one item. It encompassed a limited set of
activities and did not include information about intensity. This, together with
possible effects of social desirability and retrospection biases may have led to
an overestimation of physical activity. Furthermore, presence of depression
can only be assessed by a structured clinical interview. In stead, depressive
symptoms were assessed by a self reported EDS scale. However, given the
scope of the study design in which a large cohort is followed periodically for
years, it would be impossible to perform these interviews. Generalizability of
the study outcomes may be limited to a predominantly Caucasian non urban
population. Finally, non responders and excluded patients (about 20% of the
total sample) might be more likely to have a Type D personality, or to be




Based on this thesis, several recommendations can be made for research
purposes, as well as for clinical practice.
Recommendations for future research
Recommendations for future research are as follows:
1 To obtain more in depth knowledge of the role that psychosocial factors
may play in physical inactivity in patients with type 2 diabetes, the cross
sectional findings of this thesis should be replicated using a longitudinal
design in order to provide information about the nature and the
direction of the associations found.
2 Studies with a longitudinal design and long term follow up should be
performed to further decipher the interrelationships between
psychosocial factors (depression, Type D personality, social support),
lifestyle behaviors such as physical activity, and biophysiological factors
(e.g. glycemic control, blood pressure, lipid profile, macro and
microvascular complications, and mortality), in order to understand the
pathways of disease in type 2 diabetes.
3 A range of interventions for the promotion of physical activity in
patients with type 2 diabetes in primary care should be developed and
evaluated, thereby investigating which approach is most effective for the
promotion of physical activity in certain subgroups of physically inactive
individuals.
4 These interventions should be tested in randomized controlled trials
including, next to biological outcomes, adherence and psychosocial
factors as outcome measures and with a duration of at least one year to
investigate long term effects.
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Recommendations for clinical practice
Recommendations for clinical practice are as follows:
1 Diabetes management requires a biopsychosocial approach. Currently, it
is too much focused on biomedical aspects, and psychosocial factors are
less well addressed.
2 Since physical inactivity is high in patients with type 2 diabetes, and
physical activity has important physical as well as emotional benefits,
more attention has to be paid to physical activity in diabetes
management.
3 Multiple risk assessment including psychosocial factors (depression,
Type D personality and social support) and physical activity next to
biophysiological factors should become part of quality of care as
indicated in national diabetes care standards, and should be integrated
in routine diabetes care.
4 Multiple risk assessment should be performed at least once a year.
5 To be able to sufficiently address to psychosocial factors related to
diabetes and it management, a psychologist should be part of the
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Currently, the growth of diabetes takes on epidemic proportions, which will
even grow faster in the next years. Therewith, an increasing number of
patients with diabetes will develop complications, which greatly impacts
quality of life of the individual involved, as well as health care use and
related costs. This development will be strengthened by the fact that type 2
diabetes, the most common type of diabetes, sets on at an increasing earlier
age, which will increase the likelihood of complications over time as well.
Effective treatment strategies to prevent or delay complications are therefore
more than ever needed. Physical inactivity is one of the most important
causes of type 2 diabetes. Conversely, physical activity has been proven to be
an effective strategy in diabetes management. However, prevalence of
physical inactivity is high in patients with type 2 diabetes. Psychosocial
factors may play an important role in physical inactivity, since they affect
health behavior in general. Therefore, the general aim of the current thesis
was to study possible factors related to physical inactivity in patients with
type 2 diabetes, with an emphasis on psychosocial factors.
The meta analysis described in Chapter 2, showed some small to moderate
effects of structured exercise interventions on HbA1c, blood pressure, and
maximum exercise capacity (VO2 max), which may induce clinically
significant cardiovascular risk reduction. Chapter 3 included a study of
depression in insulin naïve diabetes patients. Previous research showed an
increased prevalence of depression in patients with type 2 diabetes, which
may be partly explained by the presence of complications. The study in
Chapter 3 showed a relatively low prevalence of depression in insulin naïve
diabetes patients. Furthermore, rates of depression did not differ between
those with and without vascular co morbidities. Multiple regression analyses
showed, however, that having two or more vascular co morbidities, and in
particular coronary heart disease or neuropathic foot with co existing co
morbidities, increased the odds of depression.
The study presented in Chapter 4 showed that depression was associated
with physical inactivity in patients with type 2 diabetes. Furthermore,
physical inactivity was related to higher age, female sex, being without
partner, and having a high BMI. Chapter 5 included a study of Type D
personality in patients with type 2 diabetes. Prevalence of Type D personality
in the current cohort was similar to rates reported in the general population.
Individuals with a Type D personality had an increased likelihood of
physical inactivity as well as depression. Additionally, in the study as
described in Chapter 6, it was tested whether a Type D personality and being
without a partner have a synergistic effect on both physical inactivity and
depression in adults with type 2 diabetes. It was shown that Type D
individuals without a partner had an increased likelihood of both depression
and physical inactivity, compared to non Type D individuals with a partner.
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In Chapter 7, the main outcomes of the current thesis were discussed, and
recommendations for future research and clinical practice were given. It was
shown that psychosocial factors are important factors related to physical
activity in patients with type 2 diabetes. Therefore, diabetes management
requires a biopsychosocial approach. Multiple risk assessment including
psychosocial as well as biophysiological factors should be integrated in care
routine. Studies should be performed investigating how to initiate and
maintain physical activity. Finally, physical activity interventions should




De prevalentie van diabetes heeft vandaag de dag epidemische vormen
aangenomen en zal de komende jaren sterk stijgen. Hierdoor zal een
toenemend aantal patiënten met diabetes complicaties gaan ontwikkelen, die
op hun beurt weer een grote impact hebben op zowel de kwaliteit van leven
als het gebruik van gezondheidszorg en aanverwante kosten. Deze
ontwikkeling zal nog eens worden versterkt door het feit dat type 2 diabetes,
de meest voorkomende vorm van diabetes, op een steeds jongere leeftijd
aanvangt, waardoor de kans op complicaties alleen maar vergroot wordt. De
noodzaak voor effectieve behandelingsstrategieën ter preventie of uitstel van
complicaties is daarom groot. Lichamelijke inactiviteit is één van de
belangrijkste oorzaken van type 2 diabetes. Omgekeerd is lichamelijke
activiteit een bewezen effectieve strategie in de behandeling van diabetes.
Echter, de prevalentie van lichamelijke inactiviteit onder patiënten met type 2
diabetes is hoog. Psychosociale factoren spelen mogelijk een belangrijke rol
in lichamelijke activiteit aangezien deze gezondheidsgedrag in het algemeen
beïnvloeden. Het belangrijkste doel van dit proefschrift was daarom om
factoren te bestuderen die mogelijk gerelateerd zijn aan lichamelijke
inactiviteit bij patiënten met type 2 diabetes, daarbij de nadruk leggend op
psychosociale factoren.
De meta analyse, zoals beschreven in Hoofdstuk 2, liet zien dat
gestructureerde bewegingsinterventies geringe tot matige effecten
bewerkstelligden op HbA1c, bloeddruk en maximale inspanningscapaciteit
(VO2 max), welke gerelateerd zijn aan significante verlaging van het
cardiovasculair risico. Hoofdstuk 3 bevatte een studie van depressie in
insuline naïeve diabetes patiënten. Eerder onderzoek heeft uitgewezen dat
de prevalentie van depressie is verhoogd in patiënten met type 2 diabetes,
wat mogelijk gedeeltelijk verklaard kan worden door de aanwezigheid van
complicaties. De studie in Hoofdstuk 3 liet een relatief lage prevalentie van
depressie zien in insuline naïeve diabetes patiënten. Ook werd er geen
verschil gevonden in de prevalentie van depressie tussen patiënten met en
zonder vasculaire comorbiditeiten. Meervoudige regressie analyse liet echter
zien dat het hebben van twee of meer vasculaire comorbiditeiten, en in het
bijzonder coronaire hart ziekte of neuropatische voet in combinatie met
andere vasculaire comorbiditeiten, de kans op depressie vergrootte.
De studie die gepresenteerd werd in Hoofdstuk 4 liet zien dat depressie was
geassocieerd met lichamelijke inactiviteit in patiënten met type 2 diabetes.
Daarnaast was lichamelijke inactiviteit gerelateerd aan hogere leeftijd,
vrouwelijk geslacht, geen partner hebben en het hebben van een hoog BMI.
Hoofdstuk 5 bevatte een studie van Type D persoonlijkheid in patiënten met
type 2 diabetes. De prevalentie van Type D persoonlijkheid in het cohort
kwam overeen met de prevalentie zoals gerapporteerd in de algemene
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populatie. Mensen met een Type D persoonlijkheid hadden een verhoogde
kans op zowel lichamelijke inactiviteit als depressie. Aansluitend werd in de
studie zoals beschreven in Hoofdstuk 6 getest of de combinatie van een Type
D persoonlijkheid en alleenstaand zijn een synergistisch effect zou hebben op
zowel lichamelijke inactiviteit als depressie. Personen met Type D zonder
partner bleken een verhoogde kans op zowel depressie als lichamelijke
inactiviteit te hebben vergeleken met personen zonder Type met partner. In
Hoofdstuk 7 werden de belangrijkste uitkomsten van dit proefschrift
besproken en aanbevelingen gedaan voor toekomstig onderzoek en de
klinische praktijk. De behandeling van diabetes vraagt om een
biopsychosociale benadering. Het is gebleken dat psychosociale factoren
gerelateerd zijn aan lichamelijke activiteit bij patiënten met type 2 diabetes.
Het is van belang dat meervoudige risicobepaling met daarin zowel
psychosociale als biofysiologische factoren geïntegreerd wordt in de
behandelingsroutine. Daarnaast zouden er studies uitgevoerd moeten
worden om te onderzoeken hoe lichamelijke activiteit geïnitieerd moet
worden en behouden kan blijven. Tenslotte zouden bewegingsinterventies
zich moeten richten op specifieke risicogroepen en aangepast worden aan de





Zo, dat ei is gelegd. Zie hier het resultaat van een tijd lang broeden. Eindelijk
een tastbaar antwoord op de veelgestelde vraag; ‘Maar wàt doe je nou
precies?’
Een Loesje uitspraak die bij mij al jaren aan de muur hangt is ‘een wijde blik
verruimt het denken’. Voor mij als bewegingswetenschapper is deze
kennismaking met de psychologie dan ook een waardevolle verbreding van
mijn blikveld. De afgelopen tijd ben ik er achter gekomen dat dit me echt
interesseert: onderzoek met daarin een combinatie van biomedische en
psychosociale benaderingen en een duidelijke link naar de praktijk.
Natuurlijk heb ik dit werk niet alleen gedaan. Veel mensen hebben, elk op
hun eigen manier, een bijdrage geleverd aan de totstandkoming van dit
proefschrift. Voor hen dit dankwoord.
Allereerst mijn promotores Victor Pop en Rob de Bie en mijn co promotor
Geraline Leusink:
Victor, bedankt dat je mij de kans hebt gegeven om te kunnen promoveren.
Ik bewonder je enthousiasme, gedrevenheid en snelheid, al deden ze me af
en toe duizelen. Fijn dat je elke week wel een keer even binnen kwam
stormen, dat werkte erg efficiënt.
Rob, de vanzelfsprekendheid waarmee jij je vanuit het Maastrichtse voor mij
hebt ingezet is voor mij erg waardevol. Jij hebt mij met je relativerende
opmerkingen, no nonsens kijk op de dingen, en een flinke dosis humor goed
op weg geholpen en gehouden.
Geraline, het was een goede zet van je om mij met Victor in contact te
brengen. Ik heb de samenwerking met jou altijd erg prettig gevonden. Jouw
praktische kijk op de dingen gaf vaak weer een frisse blik.
Daarnaast heb ik voor een aantal artikelen samengewerkt met Johan Denollet
en Frans Pouwer.
Johan, bedankt dat je me hebt willen inwijden in de wereld van Type D
persoonlijkheid. Jouw werkwijze vond ik erg stimulerend en heeft er toe
bijgedragen dat ik beide artikelen over Type D met veel vaart en plezier heb
geschreven.
Frans, fijn dat ik op de valreep nog gebruik heb kunnen maken van jouw
expertise op het gebied van depressie en diabetes. Ik heb er veel van geleerd
en hoop ook de komende tijd nog veel van je te leren.
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De leden van de promotiecommissie wil ik hartelijk danken voor het lezen en
beoordelen van dit proefschrift.
Mijn kamergenotes bij POZOB. Dames, deze is voor jullie: ‘Happiness is a piece
of cake’. Tenslotte delen we niet alleen een kamer maar ook een voorliefde
voor taart.
Martha, Noortje, en Liesbeth, leuk al die gesprekken die we hebben gevoerd
over onze onderzoeken en over andere dingen (lekker eten!), met onze
bureaustoelen even weggedraaid van de computer, of tijdens de
lunchwandelingen om de ‘hersenen te luchten’. Ze waren een goede
onderbreking van een verdere dag lezen, nadenken en typen (want
eenvoudig gesteld is dat wat ik doe).
Noortje en Martha, daarnaast bedankt dat jullie mijn paranimfen willen zijn,
ik ben blij dat jullie achter me staan tijdens de verdediging.
Colette, dank je wel voor je hulp bij mijn onderzoek. Jij hebt echt overal wel
een mapje of bestand voor en anders maak je er wel één. Ik hoef alleen maar
even over de ‘schutting’ te kijken als ik een vraag heb, of gewoon voor een
praatje. Sandra en Maria, tussen al jullie drukke bezigheden door hebben
jullie altijd belangstelling getoond voor mijn werkzaamheden. Bedankt
daarvoor.
Zonder data geen onderzoek. Veel mensen hebben ertoe bijgedragen dat er
nu een grote bron aan informatie is waar ik voor mijn onderzoek uit heb
kunnen putten.
Geen data zonder deelnemers. Ik wil hen bedanken dat zij in zo grote getale
hebben meegewerkt.
Dan de operationele afdeling van POZOB: Arnold, Cecile, Corien, Jolanda,
Maaike, Marion, Monique, Nicole, Niels, Ralf en Ronald, jullie wil ik
bedanken voor jullie organisatorische bijdrage aan het DIAZOB project.
In het bijzonder dank ik Ting Yu Chu en Arnold Romeijnders, die ervoor
gezorgd hebben dat ik snel een werkplek kreeg bij POZOB, en Niels van
Elderen voor het feit dat ik die plek nog even wat langer kan behouden om
verder te werken aan dit onderzoek.
Ik wil de huisartsen aangesloten bij POZOB bedanken voor hun participatie
in het DIAZOB project. Daarnaast wil ik de praktijkondersteuners bedanken
voor de rol die zij hebben gespeeld bij het uitdelen en invullen van de
vragenlijsten. Jullie werk is van onschatbare waarde.
 122
 
Een belangrijk deel van de data voor dit onderzoek werd geleverd door het
Diagnostisch Centrum Eindhoven. Hiervoor wil ik Jules Keyzer hartelijk
bedanken.
Ook wil ik Gijs, Joris, Anneloes, Koen en Marjolein bedanken voor hun
werkzaamheden voor de verwerking van de vragenlijsten.
Jantine, we hebben het beide toch maar mooi even gedaan. Dank je voor je
steun en alle gesprekken over onze onderzoeken, ik heb er veel aan gehad.
Hermen, je hebt een mooi zeegezicht weten te vangen. Ik ben blij dat het nu
de voorkant van mijn proefschrift mag sieren.
Vrienden en vriendinnen, jullie waren er voor een essentieel onderdeel van
mijn promotietraject: de ontspanning. Ik heb genoten van al die
wandeltochten en weekenden, etentjes, hardloopactiviteiten en andere uitjes
met jullie, ze vormden een welkome afleiding. Al dan niet ingeleid met ‘Ik
durf het bijna niet te vragen, maar…’ hebben jullie altijd belangstellend
gevraagd naar de vorderingen van mijn werk.
En dan tot slot de thuisbasis. Fijn om zo’n rustpunt te hebben waar ik altijd
op kan terugvallen. Ik vind het leuk dat ik jullie nu eindelijk kan laten zien
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